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The Design of Prestressed Concrete Beams from Fundamental 
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Concrete of High Strength 
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BOOKS ON CONCRETE concrete and allied subjects, send a postcard to: 
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For nearly 60 years 
this trade mark has stood for speed and 


strength in reinforced concrete work. 


DRAGON 


(Brand) 
PORTLAND CEMENT 


Supplied by 
THE SOUTH WALES PORTLAND CEMENT & LIME CO. LTD. 


PENARTH, SOUTH WALES 
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The Ruberoid system of roofing affords 
suitable specifications to meet the re- 
quirements of every size and type of 
roof and has been recognised all over 
the world for over 50 years as providing 
protection at a lower cost per year of 
service than any other form of roofing. 


Details of the contract carried out at the Indian 
Museum, Calcutta, are contained in a special 
folder (No. 788) available on request. Archi- 
tects and Engineers are also invited to write 
for Catalogue No. 326 ** Standard Specifications 
for Ruberoid Roofs.’’ 
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Ruberoid Roofing was specified for the 
Indian Museum, Calcutta, for it could 
be relied upon to provide complete 
and permanent weather protection to 
some of the world’s most rare exhibits 
collected together over a period of 
135 years. 


THE RUBEROID CO. LTD, 16, COMMONWEALTH HOUSE, NEW OXFORD STREET, LONDON, W.C.! 


Branches 
A 


Manchester, Newcastle-on-Tyne, Birmingham, Edinburgh, Glasgow, Belfast. 
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FACTORY WORK IN COURSE OF CONSTRUCTION 


YORKSHIRE 


HENNEBIQUE 


FERRO - CONCRETE SPECIALISTS 
SINCE 1904 


HEAD OFFICE : VIADUCT WORKS, KIRKSTALL ROAD, LEEDS, 4 
Telephone : Leeds 20687-8-9 Telegrams : Ferro, Leeds 
BRANCH OFFICE: 6, WINCOLMLEE, HULL. Telephone: Huli 3350! 
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Consulting Engineers WS. Atkins & Partners 
Construction of heavy reinforced concrete foundations 
for the Cold Reduction Plant at Abbey Works for the 
Steel Company of Wales Limited. 
John Laing and Son Limited . Building and Civil Engineering 
Contractors, London, Carlisle, Lusaka, Johannesburg. 
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Bar 
Bending 
and 
Fixing 


We can undertake prompt execution of all orders for this work. We can quote 
as follows, and will be glad to have your enquiries 
Supply, Bend and Fix to specification. 
Supply and Bend to specification. 


Alternatively, customer's own material can 
be bent and fixed, or fixed only. 


Whatever we do you can count on first class service from the most moder: 
contractors in the trade. We can save you time, money and worry — usually 
all three; so if your next contract includes reinforcement, * in touch with us 


and let us tell you what we can do 


General Steel 


BAR BENDING & FIXING DEPT. 


GENERAL STEEL & IRON CO LTD - SPRINGFIELD RD - HAYES: MIDDLESEX 
Telephone: SOUTHALL 322! 
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SISALKRAFT 
for CONCRETE 
CURING 


Typical example of a concrete toad slab Manketed with Sisalhraft. 
he SISALKRAFT method is practical, simple and 
. economical. The use of SISALKKAFT—the supreme 
Luilding paper—ensures an efficient cure PLUS FROST PRO- 


TECTION. Technical information and samples on request. 
Sole Distributors for 


SISALKRAFT | 
Sole Distributors for 


| .SANKEY & SON. 
ALDWYCH HOUSE, ALDWYCH, LONDON, W.C2. 


Telephone: Holborn 6949. Telegrams: Brickwork, Estrand, London. 
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AS.40 BAR BENDER 


IN FULL 
PRODUCTION 
FOR SALE 
OR HIRE 


A single-disc machine designed to obtain maximum output for bending bars up to 
I} in. diameter. A full hook bar takes only THREE SECONDS BENDING TIME. Simple in 
operation, this machine can be employed with considerable economy on many contracts 
Supplied motorised or engine-driven, complete with backrest cage for multiple bending of 
small diameter bars, and accessories for bending angle loops in one operation 

The ARO.SO MODEL, a double-disc machine for bending bars from } in. to 2 in. diameter, 
is also available for early delivery 


CEMENT «& STEEL, LTD, AvENVE, cHatnam, 


Telephone: Chatham 45580 Telegrams and Cables: Cembelgi, Chatham 
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Reinforced Concrete Turbine House Foundations under construction by Taylor Woodrow 


POWERSTATIONS - PIPE LINES - FACTORIES SEA DEFENCE WORKS RAILWAY sipines 
UNDERGROUND STORAGE TANKS - OPENCAST COAL DEEP SEWERS (Tunnel and Open Out) - AERODROMES 


TAYLOR: WOODROW 


HEAD OFFICE AND WORKS: RUISLIP ROAD, SOUTHALL, MIDDLESEX. PHONE: WAXLOW 2366, GRAMS: TAYWOOD, SOUTHALL. 
CODE: BENTLEY'S SECOND, LONDON OFFiCe: 10 PARK STREET, W.1. PHONE: GROSVENOR 8871. 


VIBRATOR 


for compacting mortar cubes 
for Compression Test B.S. 
12/1947, B.S. 915/1947, 
B.S. 1146/1947, B.S. 
1370/1947 with automatic 
time control device. The 
vibrator illustrated in the 
B.S. was built in our works. 


The “CAPCO”’ range of con- 
crete testing apparatus also 
includes Cube Moulds ; Slump 
Cones ; Tensile, Vicat, and Cylin- 
drical Moulds; Tile Abrasion 
Machines ; Compacting Factor 
Apparatus. 
Full details on request. 


CAPCO (SALES), LTD. 


BEACONSFIELD ROAD. LONOON, N.W.10+ Telephone: WILLESDEN 0067-4. Cables» CAPLINKO, LONDON 
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CONSIDER SOME 

OF THE USES TO WHICH 

ACROW ADJUSTABLE STEEL PROPS 
CAN BE PUT TO SAVE TIME, 
LABOUR AND MATERIALS 


Instead of 9 « 9s for shoring heavy formwork : 


Raking columns : 


Strutting wide trenches : 


Underpinning temporary structures : 


Raising roofs for increased head-room : 


Lintel supports : 


Jacking formwork : 


Staircase shuttering : 


Remember 
to send 

Acrow Props 
to every site 


STANDS To REASON 


*% Only Acrow Props have the patent self-cleaning nut 


Ar 
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Photographed in South Africa 


WILL PAY YOU TO USE THEM 


All enquiries to:—-ACROW (ENGINEERS) LTD., 33 Catherine Place, London, §.W.! (Victoria 0693) 
130 Coventry Drive, Glasgow, E.! (Bridgeton 104!) - 22-24 City Road, Bristol, 2 (Bristo! 24595) 
West Stanley Street, Manchester, 5 (Trafford 2965) » Lupton Street, Hunslet, Leeds, 10 (Leeds 76514) 


a 
| 
| rojitable 
RO PS 
| 


CONCRETE AND CONSTRUCTIONAL ENGINEERING 
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GLASCRETE 


is the name of a group 
of translucent load bearing 
constructions in reinforced 
concrete and glass which 
have been designed to 
cover a wide range of uses 
including : 


ROO 
FLOORS 
CANOPIES 
LANTERNS 
PAVEMENTS 
WINDOWS 


j. A. KING & CO., LTD., 
181, QUEEN VICTORIA STREET, LONDON, E.C.4 
Telegrams: “Kinovique, Cent, London.” Telephone: CENtral 5866 


WASHED 
BALLAST, SAND, SHINGLE & 
Crushed Aggregate for Reinforced Concrete. 


WILLIAM BOYER & SONS, LTD. 
Sand and Ballast Specialists, 
DELIVERED DIRECT TO ANY 
CONTRACT BY MOTOR LORRY. [RONGATE WHARF, 
Quotations on Application. PADDINGTON BASIN, W. 


Telephome: Paddington 2024 (3 lines). MEMBERS OF &5B.S. @ A.T.A. 


ANCHORAGES TO 
BEE 


CONCRETE 
FABRIC 


SPEARPOINT Floor Clips to anchor 
wood floors to concrete 
DOVETAIL Masonry Slot & Anchors 
to anchor brick and stone facings to 
concrete. 


ANKORTITE Box Fittings 


ABBEY BUILDING SUPPLIES CO. 


6 Waldemar Road, Wimbledon, LONDON, 


Telephone Wimbledon 4/78 
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revelry 


acid 


So confident are we in the acid-resisting properties of ‘ Nutra-Lines* that we 
welcome and enjoy any problem concerning acids and corrosive liquids. ‘ Nutra- 
Lines’ tanks have successfully superseded metal tanks for storage, processing, 
fermenting, pickling, and for many other purposes. 


We specialise in the erection of 
complete tank installations, or 
the protection of existing plant, 
with Nutra-Lines’. 


Further details and advice readily 
given. 


Two batch pickling tanks for steel bars. Concrete shell 
Nutralock membrane, 9 brickwork in Nutrabond. for hot 
sulphuric acid By courtesy of Messrs. Stee! Nut & Joseph ‘ 
Hampton Led. Darlaston 


> A Telephone: DROITWICH 2249 0 Telegrams TANKS, DROITWICH 
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fa 


Photograph by 
permission 


Railway Executive 


CONCRETE SLEEPERS 


British Patents Nos. 


STENT 


Sales: 


Telephone : 


Works: 


Telephone 


Agents for Wales and South-West England 


569573-16779 43 


and Patented in other countries 


PRECAST CONCRETE 


Dagenham Dock, Essex 
Rainham (Essex) 780 


BSc Eng. AMILCE 


Cardiff 2370 | 


Midland Agent 
MIPLE. 


Loughborough 378! & 3543 


phone 
MANCHESTER, 


% pre-stressed 
positive anchorage 


LTD. 


Minst ME 


FABIAN | M 


Leicester Rd 


10 


Telephone 


1, Victoria St., London, S.W.1 
Whitehall 2573 


LOWE, Esq 


; DAVIES, MIDDLETON 
& DAVIES, LTD, 9, Museum Place, CARDIFF 


Telephone 


JACKSON, Min BE. 
LOUGHBOROUGH. Tele- 
56, St. Mary's Rd, 
FA! 2623 


AND CONSTRUCTIONAL 
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KENNEDY 


Benders 


The machine illustrated is the model 
2A BAR Bending Machine for the 
accurate and rapid cold bending, to 
precise measurement, of mild steel 
reinforcing bars up to |4” diameter. 


For full particulars of this and other Kennedy 
Bending Machines, write to >— 


W. KENNEDY LTD. Dept. C, STATION WORKS, 
WEST DRAYTON, MIDDX. Phone: West Drayton 2084 


REINFORCEMENT 


for 100°|, 
WATERPROOF 
CONCRETE 


DAMP - PROOFING LTD. 


DEPTFORD Tel. TiDewsy (486-7 LONDON, 


SEND FOR 
DETAILS 
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Reinforced concrete flats at Pimlico for the Westminster City Council. Architects Messrs. Powell & Moya 
Consulting Structural Engineers : Messrs. Scott & Wilson. Contractors: Messrs. Holloway Brothers [London], Led 


HAM RIVER) 
BEST 
CONCRETING 


were used on this contract 


Most outstanding contracts in London and Suburbs and the Home Counties have been con- 
structed with concreting materials supplied by us. In addition to producing a concrete 
aggregate recognised throughout the concrete industry as the very best obtainable, we have 
a total weekly output which is by far the greatest in the London and Home Counties area. 
Whatever your requirements—large or small—we will give you a material of quality and a 
thoroughly dependable service. We have unlimited supplies of Graded Fresh Water Ballast 
for Mass Concrete. j in. to } in. Crushed and Uncrushed Washed Graded Shingle for Rein- 
forced Concrete. | 8-in. Washed Sand for Plastering. 3 8-in. Washed Pea Shingle. . Grit 
for Tar Spraying. Washed Soft Sand for Brickwork. 


THE HAM RIVER GRIT CO.LTD. 


161 MILLBANK LONDON S.W.1. 


Telephone: Victoria 5511 (8 lines) 
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CONCREAM 


This non-staining, smooth and easy working 
white mould ol! can be used with confidence 
On all classes of in situ and precast concrete 
Work where the use of a white mould of is 
fecommended 


VIBRAMOL 


This non-staining and non separating mould 
Oi! is made specially for use on steel shutter ng 
Gnd moulds where vibrators are used. and 
Provides a good film which is not readily 
Moved under vibration 


SPRAYMOL 


This grade of mould oi! has been specially 

roduced for use with a spray gun it can 
4 used with great economy on al! types of 
Shuctering and moulds, and will not separate 
wonder pressure 


Experience has shown that the production of 
Precast and in situ prestressed concrete needs 
& special mould compound, and in collabora- 
tion with leading prestressed specialists we 
have produced Grade PSs Mould Com 
pound for this class of work 


8.A.”’ 


This Mould Compound has been specially 
produced to satisfy the requirements of those 
engaged in the production of spun concrete 
products 


SEPTEMBER, 19°50. 


PRODUCTS OF THE 
ORIGINAL MAKERS OF 
CONCRETE MOULD OILS 


We specialise in the production of mould oils and com- 
pounds for concrete work of every kind, from mass 
concrete work to high-class architectural stone work, 
and have an unrivalled experience which enables us to 
give expert advice on ali mould oi! problems. We 
have a grade for every purpose, and wil! be pleased to 
submit full details, samples, and prices on request. 


RICH? HUMBLE & SON, LTD., COLUMBA Oi. WORKS, LEEDS, 3 


Telephone 27155 ESTABLISHED 1854 


Telegrams : ‘* Columba, Leeds, 3.” 
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In Situ Concrete .. 


Cost Cost Cost 


. « Contractors Constant Concetn 


Patent Device 


Steel Formwork 


seduces 
Shuttering Costs 


@ Minimum number of Fittings 


@ Can be erected and dismantied 
by unskilled Personnel 


@ No special tools required 


@ Low initial and operating costs 


} 


il 
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Patent Device S 
RAPID METAL 
— | DEVELOPMENTS LTD. 
395 GEORGE ROAD, ERDINGTON. 
BIRMINGHAM 23 


TELEPWOME BIACHFIELOS 454). 
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Va\ 
3 qj 
at 
| teel form work 
= = = = 
= = — 
= 
= — 
= 
% 


CONCRETE AND CONSTRUCTIONAL ENGINEERING 19: 


CUNITE AND 
CEMENTATICN 


Systematic repairs to structures 
based on systematic diagnosis of 
defects. 


WHITLEY MORAN « CO. LTD. 


os ae Specialists In the Repair of Engineering Structures 
aireti 5 OLD HALL STREET, LIVERPOOL. Telephone: Central 7975 


and Batching Plants for 
scientific and economical mixing 
and placing of concrete. 


Also makers of a full range of tilting, non-tilting and pan mixers and self-priming water pumps. 


RANSOMES & RAPIER LIMITED 


IPSWICH—WATERSIDE WORKS. 32, VICTORIA ST., LONDON. 
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PRESTRESSED CONCRETE ff 
BY THE 7 
LIVERPOOL ARTIRCIAL STONE CO. LTD. 
US NG 


TRILLOR ELECTRIC VIBRATORS | 
AND QUICK RELEASE FITMENTS 


v3s0 


VIBRATING EQUIPMENT 
for QUALITY CONCRETE 


Includes vibrating tables, internal vibrators, external vibrators, petro! and electric vibrating tampers, 
vibrating screens, and pan vibrators. We also manufacture electric motors, petrol engines, builders’ 
hoists and winches, and hydraulic bar croppers. 


E. P. ALLAM & CO. LTD. 


LONDON: 45 Great Peter Street, 8.W.1. Telephone: Abbey 6353 (5 lines) 


SCOTLAND : 39 Glasgow, C5. Tel. 0155 Works Eastwood, Southend-on-Sea. Tel. Hastwood 59745 
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Haldens 0! Manchester 


Large and small users alike are well catered for in the 
Halden range which includes: Single or double-sided con- 
photo-copying machines ; ‘Rotary or ‘ Duplex * 
photo-copying frames: Hand-operated and motorised 
developing machines; Print-drying equipment; and « 
comprehensive stock of all print-room accessories. Your 
own requirements will receive prompt Top illustration shows 
end Type 39 Horizontal 
Rotary Frame, com- 
lete with Electrical 
for Alters 


Type 242 Con- nating Current. 


with Mercury - OF MANCHESTER 


Vapour Lamps. 


J. HALDEN & CO., ALBERT 8Q., MANCHESTER, 2 
Lenden, Birmingham, Glasgow, Leeds & Griste! 
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TURBINE HOUSE, SKELTON GRANGE POWER STATION 


ECONOMY IN DESIGN AND 
MAINTENANCE—A GOOD 
COMBINATION 


BRIDGES, WATER TOWERS, 
WHARVES, JETTIES, PITS, 


BUNKERS, BUILDINGS. HOLST 


PILED FOUNDATIONS 


Head Office: NETHERFIELD, BERKHAMSTED, HERTS. Phone: Berkhamsted | 128-30 


Branches at: LONDON ~- BIRMINGHAM MANCHESTER - LEEDS - EDINBURGH 
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CDC 


PRESTRESSED CONCRETE BEAMS 
The advantages of using prestressed, precast beams are: 
1. REDUCED CROSS-SECTION 2. LOW INITIAL COST 3. LOW ERECTION COST 


Shown above is a S5-ft. span Il-section saddle-back roof beam 


of 12-in. width in course of erection These beams 
have a depth-span ratio of 1 to 22 


CDC Ltd. manufacture prestressed precast piles, beams, trestles, poles and 
floor unit 


CONCRETE DEVELOPMENT CO. LTD 


Office & Work THORNEY LANL, IVER, BUCKS l elephone IVER 809 


using 


in concrete 


it— 


1. Enables water-cement ratio 2. Increases 


plasticity and 
to be reduced. 


improves workability. 


3. Requires less spading or 4. Minimizes patching and 
vibration. rubbing. 


5. Reduces “ bleeding.” 6. Is quicker to finish. 


7. Gives better surface 8. Is more durable and 
texture. watertight. 


Supplies now available, ask for information 


DEWEY & ALMY LTD 
ELVEDEN RD., PARK ROYAL, LONDON, N.W.10. Phone: ELGar 567! 
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SIR T. PEIRSON FRANK, M INST.C. 


PETER LIND & CO., LTD 


STRATTON HOUSE, PICCADILLY, LONDON, W.I 


TELEPHONE: GROSVENOR 460! 
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SUPER 


CEMENT 


SUBMARINE BRAND 


THE TANNO-CATALYSED PORTLAND CEMENT 
SAVES TIME SAVES TROUBLE 


NATURALLY WATERPROOF. CONTAINS NO WATER REPELLENT MATERIAL 
Uses :— 


For CONCRETE 

Provides a CONCRETE of great strength 
at early dates and impervious to water, 
oil, etc., without any form of surface 
coating. 


For PAVING 


For RENDERING 

Supplies an impenetrable RENDERING of 
such adhesive power that a |* thickness will 
resist an outside pressure of at least a 20’ 
head of water. 


For SLURRY (as paint) 


Makes a perfectly watertight covering to 
brick or breeze concrete walls at very small 
cost, and also provides the best watertight 
undercoat to coloured finishes. 
Technical Information is available to users. 

Used in 1914-1918 and still used by : 


Air Ministry, War Office, Admiralty, Ministry of Works, Ministry of Supply, etc. 


28 TAVISTOCK SQUARE, Phone 
SUPER CEMENT LTD., was Euston 1808 


Produces a hard wearing PAVING, dust- 
less and proof against penetration by water, 
etc. 


PIN YOUR FAITH 


TO THE TESTED 
BRAND. 


THIS LABEL ON 
EVERY BARREL 
CARRIES WITH IT 
FORTY YEARS' 
EXPERIENCE OF 
MANUFACTURE. 


NONE OTHER is 
“JUST AS GOOD” 


THE LEEDS OIL & GREASE Co. 
'Phone: 22480. LEEDS 


“Grease.” 
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The strength of 1: 2: 4 concrete of 6,250 lbs. per 
sq. inch as shown above can always be attained 
under average field conditions. Exceptionally high 
figures attained under test have not been indicated. 
The practical value of great strength is obvious — 
Concrete in ONE DAY and FOR ANY PURPOSE 


—at a strength exceeding that of 


Portland cement 3 months old. 


LAFARGE ALUMINOUS CEMENT CO. LTD., 73, BROOK ST., W.1. Tel: MAYfair 6546 
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KWIKFO 


the two-component 


Suspended Formwork system . 


The Spanform is a sturdily constructed 
telescopic unit designed to obtain the 
utmost economy in usage and mainten- 
ance. All “Kwikform” Formwork is 
available for hire or outright purchase. 
Fully descriptive literature is available on 
application. 


ne 


KWIKFORM LTD., WATERLOO ROAD, BI 
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IDustrating the 
simplicity of laying 
the Flatforms 
which by their de- 
sign are held rigidly 
in position, Strik- 
ing is equally 
simple. 


A feature of the 
Kwikform system 
is that within the 
ranges of the stand- 
ard size Spanforms 


MINGHAM 25. London Office: 66, Victoria Street, 5. W.7 
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we 


LIMITED 


all forms of reinforc 
concrete structures for 


(0. WESTMINSTER PALACE GARDENS. ARTILLERY ROW LONDON.S WI. - ABBEY 1626 
LADAS DRIVE BELFAST - BELFAST 58I00 - WORKS. RIVER RD BARKING -RIPPLEWAY 2624 
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PRESTRESSED CONCRETE 


The LEE-McCALL system 
has all these advantages... 


@ Is a simple method of pre- @ Provides easy attachment of 
stressing concrete. the new patented hydraulic 
@ Uses Phoenix ‘*MACALLOY ”’ pulling jacks and rapid stress- 
steel bars in diameters up to ing of the bars. 
with a guaranteed mini- 
mum 0-1°, Proof Stress of 
54 tons per sq. inch, threaded 
and secured with special high 
efficiency nuts. @ Shows no loss of prestress 
from creep of the steel or 
slip in the end anchorages. 


@ Does not rely upon bond to 
transmit the steel stress to the 
concrete. 


@ Offers exceptional durability 
with the high resistance of the 
**MACALLOY ”’ steel bars to 
corrosion and the robust end 
fittings. 


@is most suitable for post- 
tensioned long-span beams, 
railway and highway bridges, 
foundations, harbour works, 
retaining walls, etc., and for 
factory-produced hollow units. 


Write for the LEE-McCALL 
brochure 


McCALL & CO, LTD 


TEMPLEBOROUGH - SHEFFIELD - and at LONDON 
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The PC3 Electrically Driven Con- 
crete Pump—20/24 cu. yds. per 


hour. 
Smaller PC4—8/10 cu. yds. per 
hou 


r. 
sy up to 135 ft. vertical or 
ft. horizontal. 


BY PUMP AND PIPELINE 


@ The latest and most efficient method of placing concrete. 


Life of Pump practically indefinite: all essential surfaces in 
contact with concrete are renewable. 


Pumpable concrete must of necessity be good concrete. 


Pump and Mixing Plant can be located at the most convenient 
position within the pumping range. 


The continuous output of the Pump at a constant speed 
governs the working of the whole concreting gang. 


Concrere Pump Company itp 


4 STAFFORD TERRACE, LONDON, W.8 


Telephone: Western 3546 Telegrams: Pumpcret, Kens, London. 
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CHRISTIANI 
NIELSEN 


REINFORCED CONCRETE 


Reinforced Concrete Office Building for The Shell Co. of Venezuela Ltd., Caracas 


54 VICTORIA STREET, LONDON, S.W.! 


TELEPHONE: VICTORIA 6152 
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AT HUNSLET MOOR, LEEDS 
September | to 16th 


FOR BUILDERS ARCHITECTS ENGINEERS 


An Exhibition occupying more than 
150,000 sq. ft. and showing the latest 
developments in building techniques, 
new materials, and new plant and 
equipment for the builder. 

Presented by the Ministry of Works and 
other Government Departments, the 
National Federation of Buiiding Trades 


Employers, the National Federation of 
Building Trades Operatives, the National 
Council of Building Material Producers, 
and manufacturers of plant and modern 
building equipment, this exhibition is 
of practical interest and real value to 
everyone connected with the building 
industry. 


OPEN 10.30 a.m. to 8.30 p.m. DAILY 


SPECIALISTS 


We invite Inquiries for 
for new or old structur 


HASLINGTON 


of the country. 


nings and Renderings 
. any part 


CREWE 


Crewe 2615. 
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Sertemere, CONCRETE AND CONSTRUCTIONAL ENGINEERING 


INSEPARABLE 


All honour to these great pioneers, whose achievements laid the 
foundations of much we have to-day. Their names are coupled 
in the scroll of fame. 


To leave the abstract for the concrete, Franki are laying the 
foundations of much we shall have to-morrow. Those responsible 
for the construction of Steel Mills, Factories, Generating Stations 
and the like know full well the worth of this well proved system of 
cast-in-situ piling. Indeed, many of them never think of founda- 
tion piling without envisaging Franki Piles. Thus one word has 
emerged FRANKIPILES, standing for the safest, quickest and 
most economical method of piled foundations. 


FRANKI PILES 


THE FRANKI COMPRESSED PILE 
COMPANY LIMITED 
39 VICTORIA STREET, LONDON, S.W.1! 


Telephone: ABBey 6006-9 
Telegrams : FRANKIPILE, SOWEST, LONDON 


SOUTH AFRICA: THE FRANK! PILE CO. of S.A. (Pty.) LTD., CAPE TOWN and DURBAN 
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BUILDING AND CIVIL ENGINEERING 
REINFORCED AND PRESTRESSED CONCRETE 


DOUGLAS 


PILING + HEAVY FOUNDATIONS - ROADS - BRIDGES - AIRFIELDS 
FACTORIES - SEWERS + RAILWAYS + BUNKERS - COFFERDAMS 


ROBERT M. DOUGLAS (CONTRACTORS) LTD. 


395 GEORGE ROAD, BIRMINGHAM, 23 Telephone : Birchfields 4541 


THE 


“JOHN BULL” 
CONCRETE BREAKER 


NEW B.A.L.”” TYPE. 


INCREASED :— 
PENETRATION, RELIABILITY, LIFE. 


REDUCED :— 
VIBRATION, NOISE AND WEAR. 


THESE ARE THE SALIENT FEATURES 
OF THE NEW CONCRETE BREAKER 


* * * 


REAVELL & CO., 
RANELAGH WORKS, IPSWICH. 


TELEGRAMS: REAVELL, IPSWICH.”’ TELEPHONE : 2124 
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... steel reinforcement 


Mild steel reinforcement supplied, bent and fixed to the 


eee 


most intricate specifications. Large sub-contracts recently 


ASS 


carried out included the reinforcement for blocks of flats 


were 


at Walthamstow, Lewisham, Acton and Wandsworth. 


T.C.Jones & Co. Ltd 
STRUCTURAL AND REINFORCEMENT ENGINEERS 


WOOD LANE, LONDON, Telephone: Shepherd: Bash sone * BUTE STREET, CARDIFF * TREORCHY, GLAM 
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POWER 


ECONOMY 


VERSATILITY 


Ford Engines have a power range from 23 to 
85 b.h.p. and there is also a Petrol Vaporising Oil 
Engine for extra heavy work developing 30 b.h.p. at 
1,200 r.p.m. Their economical power and capacity for 
continuous trouble-free service have proved most success: 
ful for a wide variety of industrial purposes. You will 
find Ford Engines installed in cranes, winches, generating 
sets, mechanical shovels, road rollers, cement mixers and 
many other forms of industrial equipment. Genuine 
Ford Spares are available in every part of the country 
— at fixed, low prices 


Why not consult our Industrial Unit Department 
about your power problem” You'll find 


them very co-operative 


> 


FORD MOTOR COMPANY LIMITED DAGENHAM ESSEX 


FOR INDUSTRIAL EQUIPMENT 
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SINEX VIBRATORS for CONCRETE 
ROADS and STRUCTURES 


Sinex Electric Vibrators of the pin fixing type are used for compacting concrete roads and 
structures all over the world. They are extremely simple to attach to any road tamper 
by means of an eccentric pin and bracket, and can be utilised for shutter vibration by this 
same method of attachment. 


Sinex Vibrators can be supplied for any A.C 
voltage required, and where an electric supply 
is not available, we can provide Petrol Electric 
Generators suitably wound. 


Our illustrations show two typical examples of 
the uses of these Multi-Purpose Machines. 


SINEX ELECTRIC 
IMMERSION VIBRATOR 


This illustration shows a Sinex 80-watt electric 
vibrator mounted on a rigid steel lever for use in 
immersion vibration. This method was used very 
largely on the Mulberry Harbour and has since been 
adopted at various contracts in this country and 
abroad, and is universally accepted where shutter 
vibration is not required. 


SURFACE TAMPER 


IMustration shows Sinex 
pin fixing Vibrator mounted 
on Surface Tamper. Vibra- 
tors can be _ supplied 
separately for fixing on to 
tampers constructed by the 
contractor or tampers can 
be supplied complete to 
customer's specification. 
Generators can also be 
supplied when electric 
supply is not available. 


Our Technical Representa- 
tives will be pleased to call 
to discuss any concrete 
placing problems. 


CONCRETE VIBRATION LIMITED 


2 CAXTON STREET, WESTMINSTER, 8.W.1 Tel.: ViC 3265 & 7131 
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prestressed and 
precast concrete 
for building and 


We specialise in the production of prestressed and precast 
concrete structural members to standard or special designs, 
including railway sleepers, and shall be pleased to submit 
quotations for contracts in most parts of the country. 


SEPTEMBER, 1950. 


H. B. CONCRETE co Lip 


Head Office: East Street, Epsom, Surrey. Branch Works: Vicarage Road, Egham, Surrey. 
Telephone ; Epsom 4041 /4042. Telephone : Egham 3092/3093. 


Cement Colours 


give permanent, attractive and economical tinted 
surfaces for all concrete structures and roads 


PRICE LIST, SHADE CARD, LITERATURE, SAMPLES, from 


W. HAWLEY & SON, LTD. 
Colour Works, DUFFIELD, Derby 
Phone: Duffield 2294/5 COLOUR MAKERS SINCE 1838 Grams: Hawley, Duffield 
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A symbol of quality materials, experi- 
enced workmanship, expert supervision 
and excellent service 
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és REINFORCED CONCRETE ROADS 
. Cheapest in the long run... | 


WITH 
REINFORCE MEN 


McCalis **Matobar welded steel reinforce- 
ment used at St. Helen's Road, Swansea. 


Hee Borough Engineer & Surveyor: |. B. Bennett, 
Esq., M.1.C.E 
” Contractors: County Borough of Swansea, 
Borough Engineer and Surveyor’s Dept. 
« McCALL AND COMPANY (SHEFFIELD) LIMITED 


TEMPLEBOROUGH, SHEFFIELD - and at LONDON 
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Working for Prosperity 


As the walls rise the tempo of the work quickens. You'll see the 
Land-Rover hustling busily back and forth with men and materials. 
And yet it is more than a run-about: with its power take-off and four- 
wheel drive it makes a mobile power unit which can take rough ground 
in its stride and bring power to where it’s wanted—right on the spot. 


WHEREVER THERE'S WORK TO BE DONE 


YOU'LL FIND THE L A N, ID 
OVER 


Britain's most versatile vehicle 
MADE BY THE ROVER COMPANY LIMITED, SOLIHULL, BIRMINGHAM 
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“ .. The best worker we have 
ever employed” 


says 

Mr. G. H. Millward 

of the Bear Hotel 

Evesham, Worcestershire 
in a letter asking for a spare part for his 
Petter engine “ of rather ancient vintage " 
Mr. Millward had this to say : 


“1 feel | must say a few words 
in praise of our little Petter engine. Would you believe it possible for 
it to work quite efficiently with the exhaust port so blocked with carbon 
that only a } in. hole remained, with as much water as oil in the oilers, 
with a high percentage of water and rust in the petrol tank and 
carburettor, after being frozen time and time again absolutely solid, 
left out in all weathers, never put in a shed, never had new plugs since 
as far bock as | can remember, and she still ‘honks* away 2s good as 
new. She's the best worker we hove ever employed.” 


Petters engines built today are just as — THE POWER ON THE LAND 
reliable, but they are now backed by 
the most efficient Service organisation in — THE ORIVE IN INDUSTRY 


the country. That is why you should 
always SPECIFY PETTER. —THE SERVICE THAT SPANS THE WORLD 


PETTERS LIMITED 


Small Engine Division, Causeway Works, Staines, Middlesex. Tel.: Staines 1122 


One of the ASSOCIATED BRITISH OIL ENGINES GROUP 
A4s 
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4 photograph of a section of London Road, Portemouth, taken in 19.20 


Laid in 1919-20, this section of London Road, Portsmouth is of 
concrete construction reinforced with BRC Fabric. Maintenance 
required since that time has been negligible, but the road was 
carpeted with }° cold asphalt in the summer of 1947 (solely to 
conform with reconstructed adjoining sections). The road is as 
capable of bearing the loads of today —and of tomorrow — as 
it was thirty vears ago 


Issued by THE BRITISH REINFORCED CONCRETE ENGINEERING CO. LTD., 


London, Birmingham, Bristol, 


Leeds, Leicester, Manchester, 
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ROKEN SERVICE 


FABRIC 


STAFFORD Specialists in Reinforced Concrete Design & Suppliers of Reinforcement 
Newcastle, Sheffield, Cardiff, Glasgow, Dublin, Belfast 


Mow .555 
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* The same view taken during the sammer of 1948 
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Reinforced concrete frame- 
work designed and con 
structed by The London 


Concrete Mould ‘Linin 
London, 


Architects Messrs. Winter 
& Pickering, London, E.C.! 


“ Pluto " Board is a tough inert resin-bonded asbestos 
material which ensures :— 
General Builders Messrs. | 


H. Durrant & Sons, Roches- @ ‘Stone-Smooth’ finish 
ter 
@ Timber economy 


Samples submitted on request @ Minimum cost per cast 


con. 


114-116 PARK STREET, LONDON, W.!I. Telephone: Grosvenor 6022 
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The long list of contracts of all kinds and sizes 
carried out by us in reinforced concrete reflects 
the very wide experience we have had in this 
class of work. We undertake contracts in any 
part of the country, and invite Engineers and 


Architects to include our name on their lists 


for future enquiries. 


WELLINGTON ROAD 
LIVERPOOL 
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Houses at Bath Road, Southsea. Super “‘Ribmet’’ used for the 
concrete floors. Architect : Mr. A. G. Goodair, A.R.1.B.A., 
Southsea. Builder: Mr. E. B. Greenwood, Southsea. 


COMBINED SHUTTERING % REINFORCEMENT ? 


LET EXPANDED METAL DO THE JOB! 


As a combined shuttering and reinforcement for spans up to 1§ ft. Super 
“Ribmet” is efficient and economical in the construction of concrete floors, 
roofs and similar decking. Its use gives the advan- 
tages of monolithic construction without the 
expense of preparing, erecting and dismantling 
close-boarded shuttering. No waste of steel because 
Super “Ribmet” replaces reinforcing rods and 
fabric. 

Super “Ribmet”’ is ‘made to fit the job’ and com- 
plete technical information to suit your requirements 
will be supplied, upon request. 


EXPANDED 
METAL 


‘Expamet’ 


PRODUCTS 


The 
EXPANDED METAL 
COMPANY LID., 


Burwood House, 
Caxton St., $.W.1 
Whitehall 1736 


STRANTON WORKS, 
WEST HARTLEPOOL, 
HARTLEPOOLS 2194 


ALSO AT: ABERDEEN, BELFAST, 

BIRMINGHAM, CAMBRIDGE, 

CARDIFF, EXETER, GLASGOW, 
LEEDS, MANCHESTER 
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SPECIALISTS 


IN POWER 
STATION 


CONSTRUCTION 


The Mitchell Construction Com- 
pany have been responsible for 
building and civil engineering 
works on the following power 


stations — Portishead 
Hall, 


Lilynfh 


Grimsby 


. Hams 
Leicester, Neepsend, 
lronbridge, 
Brimsdown, Blackburn Mead- 
ows, Peterborough 
bridge, 


Ferry- 
ham, 


Rother- 
Stourport, 


Stalybridge, 
Hull, 


Thornhill, 
Fulham, 
Agecroft, 

Mexboro Wigan, 
Walsall, Preston, Poplar, 
Stafford. 


EXCAVATIONS FOUNDATIONS TUNNELLING 
if REINFORCED CONSTRUCTION 


ONE BEDFORD SQUARE 


LONDON PETERBOROUGH SHEFFIELD 


ci 


| 


We are steadily getting to grips with the ever- 
wider - spreading demand for IBECO. So if the 
exceptional properties of IBECO seem a ‘ natural’ 
for any job you have in prospect, we'll be glad 


to discuss ways and means with you —the further 


in advance of your actual requirements, the better. 


waterproof 
Zaéada concreting paper : 


co best preventive 


a against drainage into 
| porous sub-soils 


C. DAVIDSON & SONS LTD. (DEPT. CC4), BUCKSBURN, ABERDEEN 
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CEMENTATION 


WILL SEAL WATER LEAKAGES THROUGH CON- 
CRETE, ROCK OR SUB-SOILS, AND WILL STABILIZE 
SUB-STRATA TO ARREST SETTLEMENT OF STRUC- 
TURES ON FAULTY FOUNDATIONS. ALSO BY 
THIS PROCESS DETERIORATION OF CONCRETE 
OR OF MASONRY WORKS CAN BE REMEDIED. 


BORED PILES 


CAST in situ PILES CAN BE PUT DOWN TO GREAT 
DEPTH WITH A MINIMUM OF HEADROOM AND 
VERY LITTLE VIBRATION, WITH DESIGNED 
BEARING CAPACITY. 

OUR WIDE EXPERIENCE IS AT YOUR DISPOSAL. 


GUNITE 


RECONDITIONING DAMAGED AND DEFECTIVE 
CONCRETE STRUCTURES. 

ENCASING STRUCTURAL STEELWORK. 

LINING TUNNELS, CULVERTS, RESERVOIRS. 
COVERING THE WEARING SURFACES OF CHUTES 
AND BUNKERS. 


TATION 


ove BENTLEY WORKS, DONCASTER, 


LONDON OFFICE: 39, VICTORIA STREET, 8.W.! 
TELEPHONE: ABBEY 5726-7-8. 
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Designed and erected under the supervision of Mr. |. H. jellect, O.B.E., M_A., M.inst.C.E., Docks Engineer at eee 
of the Southern Region of the Railway Executive. General Contractors Staverton Builders, Led. 


over 60,000 “LIGNACITE” BLOCKS 


Were used in a new Ocean Terminal at Southampton Docks 


Fair-faced 
Building Partition 
Blocks—Lightweight 


LIGNACITE (Fordingbridge) LTD., West Mill, Fordingbridge, Hants. 

LIGNACITE (South Eastern) LTD., Ninfield, Nr. Battle, Sussex 

LIGNACITE (Home Counties) LTD., Down Mill Works, Bracknell, Berks. 

LIGNACITE (Brandon) LTD., Victoria Works, Brandon, Suffolk 

LIGNACITE (North Eastern) LTD., Gravel Hill Works, Whitley Bridge, Nr. Goole, Yorks. 
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Reconstruction of Round Oak 
Stee! Works, Brierley Hill. Chief 
Engineer : H. Shaw-jones, Esq. 


with all the Civil Engineering Work 

on this £4,000,000 Project.  Iilus- 

tration shows foundations for Melting 
Furnace Plant. Contract includes 250,000 
cu. yds. of excavation, 15,000 cu. yds. of con- 


crete, etc. 


TARSLAG 


LIMITED 


CONTRACTORS TO ADMIRALTY, AIR MINISTRY, MINIS- 
TRIES OF WORKS, SUPPLY AND OTHER GOVERNMENT 
DEPARTMENTS, MUNICIPALITIES, COUNTY COUNCILS, ETC. 


WOLVERHAMPTON STOCKTON-ON-TEES ROTHERHAM 
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Wharves carried on Screw Pile and 
Cylinder Foundations 


ENGINEERS LTD 


Temporary London Office : "Phone : WH Itehall 3993 
KINGS HOUSE 10 HAYMARKET S.W.1 


| 
= 
| 
‘ 
"| 
| 
| 


CONCRETE 


AND 
CONSTRUCTIONAL ENCINEERINC 


Volume XLV. No. o. 


EDITORIAL NOTES 


Notions of Safety. 


LONDON, SEPTEMBER, 1950 


Some papers have recently been published on the Continent suggesting that it 
might be desirable to consider the safety of structures from the point of view 
of the probabilities of the design load being attained or exceeded, of errors in the 
calculations, of dimensional errors in construction, and of weakness of the 
materials. 

Investigations have been made of the probability of weakness in materials 
by statistical study of the dispersal curves of test results. A French engineer 
has estimated that the probability of a cube of ordinary concrete not resisting 
a pressure of about Soo Ib. per square inch is between I to 100 and 1 to 1000. 
In the final report of the last congress of the International Association of Bridge 
and Structural Engineering an example is given of a concrete the probability of 
the strength of which being less than 1ooo Ib. per square inch is one in many 
millions: that it will not attain a strength of 2000 lb., one in 100,000 ; 3000 Ib., 
one in 100 ; 4000 lb., one in five ; and 4400 lb. per square inch, one in two. It is 
therefore suggested that a strength of not more than 4000 lb. per square inch 
might be reasonably assumed for the purpose of design. 

It is improbable that a structure having the same factor of safety throughout 
can be designed or built. Therefore there are parts in which the stresses exceed 
or are less than the average or design stress, but the strength of a monolithic 
structure, in which local stresses may exceed considerably the average stress, 
is not the strength of its weakest member because inelastic behaviour of the over- 
stressed material reduces the danger of failure. The rate of loading must not, 
however, exceed the rate of vielding, otherwise the relief upon which safety 
depends is not obtained. Likewise, the strength of an occasional weak patch 
of concrete may not necessarily determine the strength of a beam in which it 
occurs, as the excessive strain that may occur at the weak part may call into 
play the reserve of strength of a part that is stronger than need be. _ It is important 
that accidental weakness must not also occur at the latter part. The probability 
of the incidence of weakness, which is more likely to occur in a long than in a 
short member, must therefore be considered. 

A simple example of the application of probabilities to the loads to which a 
structure is likely to be subjected is the case of a structure which is expected ta 
have a useful life of, say, fifteen years, and which is on a site where it may be 
exposed to an exceptionally high wind which blows, on average, on one day in 
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NOTIONS OF SAFETY. 


twenty vears. Also the structure may be subjected to an abnormal load once in 
its lifetime and must be designed to resist it. The probability of the high wind 
blowing during the useful life of the structure is 3 to 4, which amounts to almost 
a certainty. The structure should therefore also be designed to resist the high 
wind. The probability of the wind and the abnormal load occurring at the same 
time, is, however, one in many millions, which means that the occurrence is most 
unlikely, and it is therefore unreasonable to design the structure to resist both 
effects simultaneonsly. The calculated probability depends obviously upon the 
reliability of the data. The reliability of records of natural phenomena extending 
over many vears is often dubious, and engineers are not likely to consider that 
the recorded severity or frequency is much of a guide to future happenings since 
there is much evidence to the contrary. 

An important factor is the degree of probability that 1s critical ; that 1s, at 
what odds 1s it advisable to take into account a ¢ hance effect ? In the foregoing 
example there is no certainty that the abnormal load and the great gale will not 
occur at the same time, although it is not likely that this will happen. But the 
extremes of “ almost a certainty "’ and “ most unlikely “' are not always the case. 
That dead loads and most hydrostatic loads will attain their assumed values is 
certain, as also may loads on warehouse floors, but the occurrence of standard 
live loads on bridges and the incidence of the assumed superimp ysed loads on the 
floors of some buildings 1s less likely. It must be noted, however, that the uni- 
formly distributed loads assumed to be the superimposed l6ads on floors do not 
resemble the actual probable loads, but are loads that may have the same eftect as 
the actual loads. A smaller factor of safety for live loads than that adopted for 
the dead load or for hydrostatic loads may be permissible. 

Phe effect of a load operating occasionally for a short time on a reinforced 
concrete structure may be different from that of the same lo id acting permanently 
(as does the dead load) or for a long while, or if 1t acts at [requent intervals. The 
occurrence of an abnormal load on a bridge 1s not in quite the same category, 
because either the bridge is designed for the occasional passage of suc h a load, 
or vehicles imposing loads in excess of the design loads are prohibited from using 
the bridge But the probability of the eftect of an abnormal load being transient 
is reflected in the practice of permitting greater stresses when an abnormal load 
occurs. A similar increase is permitted when considering wind pressure, and the 
improbability of a wide bridge being fully loaded is often taken into account in 
the same wav that a slab of a floor is often designed for a larger load than are the 
beams supporting the slab. 

\ complete consideration of probabilities as attecting the safety of a structure 
seems to raise many new problems, an effect not uncommon Wl advances in 
scientific study It is difficult to assess what odds can be safely accepted. The 
data required to enable useful results to be obtained in structural engineering 
seem to be bevond immediate attainment and so, while notions of salety based on 
chance may attract the statistiqans, most engineers will no doubt continue to 
think of the factor of safety as the ratio between the we ll-defined, but assumed, 
working load, and the less well-defined and almost in alculable load that causes 
failure of a structure 
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& brane — DESIGN OF PRESTRESSED CONCRETE BEAMS. 


The Design of Prestressed Concrete Beams 
from Fundamental Principles. 


By J.W.H. KING, M.Sc., A.M.Inst.C.E., A.M.1.Struct.E. 


Tue calculation of the stresses in prestressed concrete beams is generally based 


on the well-known formula ; ‘ steel embedded in the concrete being con- 
sidered to be replaced by an area of concrete equal to the modular ratio times 
the area of the steel. It seems that a major objection to this method, in addition 
to the complex formula and notation often necessary, is that the modular ratio 
is not definable since the concrete and steel are stressed beyond the rectilinear 
stress-strain range. It is also commonly implied that tensile strains in the 
concrete produce tensile stresses, which may not always be so. The effects of 


shrinkage, creep, and hysteresis are not readily perceptible, and structures 


embodying precast prestressed beams and cast-in-situ slabs of concrete of different 
qualities are difficult to analyse accurately. 
The method of design described overcomes these objections and is based 


centre of 
Compression 


C2 


€,€, STRAN 
(}) (it) 


Fig. 1. 


on only the principles and fundamental data which ought to be known or inferred 
before starting to design a beam. The data required include stress-strain curves 
of the concrete and the steel wires, thereby permitting the direct conversion of 
strain to stress without employing single values of the modular ratio or elastic 
moduli of the concrete and wires. (Although steel wires are referred to through- 
out this article, the method applies equally to steel bars.) The bastc prin iples 


are those of simple bending, that is, plane sections remain plane, the total internal 


compressive force equals the total internal tensile force at any cross section, and 
the value of the couple produced by these forces equals the applied bending 
moment. Advantages of the method are that notation and formule are unneces- 
sary, and what takes place at the section at all stages, and the effects of change 
in size or shape, sustained loads, and variation of the stress-strain relationship of 
the materials, can readily be seen. It is possible, therefore, to use the materials 
to the best advantage. 

Three types of prestressed concrete beam are generally considered, namely, 
(1) Beams in which the wires are stretched before the concrete is placed and 
which are bonded to the concrete ; (2) Beams in which the wires are stretched 
after the concrete has hardened, the wires being anchored at the ends of the 


September, 1950. 307 


4 
. 
| 
STRESS 
r 
TD h r ‘ 
(tv) (v) (vi) 
| 
\ 
{ 
j 


J. W. H. KING. (CONCRETE) 


in) 


STRESS PER SQ 


Fig. 2.-Stress-strain Curves for Concrete having a Strength of 6000 Ib. 
per square inch. 
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.~Stress-strain Curve for Hard Drawn Steel Wire. 


September, 1950. 


4 TER) 5 2 { 
STRAIN 
ag 
20 22 
720 + T — 
| | ‘ 
us | | | 
BE 
| | / 
a 120 + + + + + + ty + + + + + + + + + + > | 
} | 
/ 
/ 
60 + + + ; + + + + + + + 
| 
/ | 
40 + + + + + + + + 4 
| 
| / | 
2 4 6 
Fig. 3 
308 


(& DESIGN OF PRESTRESSED CONCRETE BEAMS. 
beam and not bonded to the concrete ; (3) Beams as in (2) but in which the 
wires are bonded to the concrete, generally by grouting. The principle of the 
proposed method is illustrated by the rectangular beam at (i) in Fig. 1. The 
stress-strain curve is assumed to be as at (ii). A bending moment due to a load 
may produce a rectilinear distribution of strain as at (i), and reference to (n) 
gives the distribution of stress as at (iv). The strain ¢, of the concrete at the 
level of the wires can be determined by simple proportion from the strains ¢, 
and ¢,. The total compression C on the section, which is 6 times the area of 
the stress diagram at (iv), must be balanced by the total tension 7 in the wires, 
whence a suitable area of and stress in the wires can be ascertained. TJ or C 
multiplied by a must equal the applied bending moment. At the time precom- 
pression is induced in the beam, that is at the stage called “ transfer "’, the dis- 
tribution of stress might be as at (v) if the concrete is assumed not to resist 
tension. If the effect of the weight of the beam is neglected, at transfer no 
external bending moments are applied to the beam; therefore the centroid 
of the stress diagram coincides with the centre of the wires. The total com 
pressive and tensile forces are, of course, equal. For conditions at the transfer 
stage and under external load to be compatible, the change of strain of the wires 
and concrete from one stage to another must be the same, either locally if the 
wires are bonded or over the entire length of the beam if the wires are not bonded. 
These are the only matters to be considered, and provided that they are complied 
with at two critical stages, say, at transfer and at failure, the conditions at inter- 
mediate stages are of no importance in themselves, although of possible value 
in modifying the stress-strain curves to allow for creep or hysteresis. 

A beam can be designed conveniently by considering first the conditions 
at failure, which occurs at a bending moment that is some multiple of the bending 
moment due to the working load. At failure the conditions of stress may be as 
at (vi) in Fig. 1, the maximum concrete stress c,,,, being the compressive strength 
of the concrete. The stress in the wires in a rectangular beam at failure can 
generally be assumed to be about the o-2 per cent. proof-stress, since beyond 
this stress the strain of the wires increases so much for a small increase in stress 
that, as failure is approached, the neutral axis rises and the condition is reached 
where the maximum compressive stress in the concrete equals the compressive 
strength. 

For a beam to be as small as possible it is necessary to make the best use 
of the concrete and, therefore, at failure the neutral axis should be as low as 
possible. This condition, however, generally implies a large amount of steel 
and a high stress in the concrete at transfer. In a good design this must be 
taken into account. It should be noted that it is possible to have almost any 
desired condition in the concrete at whatever stage is first considered 


Examples. 


The foregoing points will be made clear in the examples which follow. 
Unless otherwise stated the beam is type (3), the bending moment due to the 
weight of the beam and the tensile resistance of the concrete are ignored, the 
cavity containing the wires (or the displacement of the concrete by the wires) 
is neglected, and the cross section of the beam is constant. Therefore at transfer 
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the strain of the concrete at the level of the wires and the strain of the wires 
are constant throughout the length of the beam. 

[he approximate method used to calculate the area and position of the 
centroid of the stress diagrams is as follows: 


If the ordinates of a continuous 


4 D 
curve are a, §, and y at x 0, 2 , and x D respectively, the area under 


2p 
the curve is — (a + 48 + y), and the centroid is at x = Di. * rD 
6 a+4p+y 
in Fig. 1 (iv). The moment of the area about the origin is —-(2f + y). 


) 
The stress-strain curves assumed for. the concrete and wires are given in 
Figs. 2 and 3 respectively, the latter being typical of the hard drawn wire of 
O-2 in, diameter generally used. The curves give general extensions and not 


+0001 


3750 +000040 
(a) (b) (c) (d) (e) 
CROSS SECTION BEAM STRESSES AT STRESSES AT STRAINSAT STRAINS AT 
FAILURE TRANSFER FAILURE TRANSFER 


Fig. 4. 


Example Nos. 1 and 2. 


the larger local extensions near the point of failure. The stress-strain curves 


lor concrete are typical of concrete having a crushing strength of 6000 Ib. per 
square inch and are based on tests at 28 days. The fact that creep occurs 
unmediately a load is applied makes it almost impossible to obtain the “ short- 
term curve (1) by ordinary methods. The use of this curve, which has been 
derived from (3), generally leads to extra safety because the concrete is con- 


sidered to be more rigid. Since strains tend to be smaller if the concrete is 
stronger or older than specified, curve (1) denotes a stress-strain relationship 
which is as high as may generally be encountered. The “ long-term" curve (2) 


is reasonable for the concrete described. The intermediate curve (3) 1s typi al 


for loads sustained for an hour or two. The “ short-term” curve is applicable 


to very rapid loading, and the “ long-term” curve includes the full effect of 
creep 

EXAMPLE No. 1. RECTANGULAR BEAM.—A beam Q in. wide (Fig. 4a) is 
to resist a bending moment of 806,400 in.-lb. at the working load. The factor 
ot satety 1s to be 2-5 [ he per nissible stress in the concrete at transter Is 3750 lb. 
per square inch, and 160,000 Ib. per square inch in the wires at failure of the 
beam. 
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At failure. To obtain a light member it will be assumed that at failure 
the position of the neutral axis is such that m = o-8d, and the distribution of 
stress in the concrete is therefore as in Fig. 4). From curve No. 1 (fig. 2), if 


= the maximum stress in the concrete is 6000 Ib. per square inch, the total com- 
pression is 
gn 
0 + (4 * 4500) + 6000 36,000n 28, Sood. 

6 

6000 + (2 4500) 
% Lever arm = o-2d + o-8d o-7d. 
3 6000 + (4 * 4500) 
: The total moment of resistance must be 2-5 times the working bending moment, 
: that is, 
Ag 


258,500 »* o-7d? 2°5 » 806,400 ; therefore d 10 in, 


The strain of the concrete at the top of the beam is 0-oo1, and at the level of the 


wires is < O00! 0°00025 (Fig. 44). 
At transfer. The distribution of stress in the concrete is as in Fig. 4. 
Therefore 


oh 
( fo 4 (4 X 2100) 3750 18,225h. 
The strain of the concrete at the bottom of the beam, from curve No. 1 (fig. 2), 


is 0-0004, and therefore at the level of the wires it is 00004 * 0°65 = 000020 


(Fig. 4e). The change of strain of the wires between transfer and failure is 
therefore 0-00026 — (— 0-00025) = 0-00051. But at failure the strain of the 
wires corresponding to 160,000 Ib. per square inch is 0-00685 (Fig. 3). Hence 
the strain after transfer is 0-00685 — 0-00051 = 0:00634, which corresponds to 


a stress in the wires of 154,500 lb. per square inch, which is the tensile stress 
which must be induced in the wires when they are stretched. The cross-sectional 
area of the wires required is given by 


Cc 25,800 10 
iS sq. in. 
160,000 10,000 
The total compression at transfer is therefore 
I'S 154,500 18,225h lb.; therefore A 15°25 in., and rh 


Therefore the wires should be 15°25 a9 5°35 in. from the bottom of the 
beam. The total depth D of the beam is therefore 10 + 5°35 = 15°35 ™. It 
would be difficult to place 1-8 sq. in. of 0-2-in. wires in this beam, and to do so 
it is necessary to widen or deepen the beam considerably at the bottom. The 
alternative of a greater stress in the wires, say, 200,000 lb. per square inch at 
failure, reduces the area of the wires to 1°44 sq. in., the strain of which at failure 
would be o-o1g and at transfer o-o1849; at the latter strain the stress is still 
about 200,000 Ib. per square inch. Hence the compressive force on the concrete 
at transfer is increased, and the risk of failure due to creep in the wires and 
concrete, or to errors in stretching, is increased. A stress of 3750 lb. per square 
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inch in the concrete at transfer is high. A better solution is to assume a smaller 
value of » at failure as in Example No. 2. 

EXAMPLE No. 2. ALTERNATIVE DESIGN OF RECTANGULAR BeEAM.—-Assume 
that at failure » < o-4d and that the stress in the concrete at transfer must not 
exceed 2200 lb. per square inch, a stress more commonly used than 3750 lb. per 
square inch as in Example No. 1. 

At failure. 


Potal compression ,000M 14,400d. Lever arm = o-6d 


Equating moments, 14,400 0-85d* 2-5 806,400; therefore d = 12-8 in. 


wre \ ‘ 
4! sem) | 
TOP FLANGE " On) SOTTOM FLANGE (v) 


Fig. 5...Example No. 3. 


The strain in the concrete at the level of the wires is Ooo! 


14,400 12°s 
The area of wires required ts +4 I'152 sq. in. 


100,000 


\t 


transtler. 


fhe maximum strain of the concrete 1s 0-00021, and the strain of the concrete 


at the level of the wires 18 2T 4. The change ot strain 


of the Wires 1S OrOOO14 OrOOls o-00164, and the strain of the wires at transfer 


IS CrOODSS OOOTOS MOOO52T, corresponding to a stress of 138,000 Ib. per 
square inch, which is the stress to which the wires should be stretched. Hence 
10,050/ 1-152 138,000 ; therefore A mS in.; rh «A 10°45 1n. ; 
and rh 5°35 In. 


The wires should therefore be 5-35 in. from the bottom of the beam. The 


depth of the beam is 12-8 5°35 18-15 in., which gives a larger beam than ¢ 
that in Example No. 1. Alternatively an I-beam, as in Example No. 3, could 


be used 

EXampLe No. 3. I-Beam.—An I-beam will be designed and compared with 
the rectangular beam in Example No. 2. It is assumed that the proportions of 
the top flange are as in Fig. § (1), the stresses and the depth to the neutral axis 
at failure being as nearly as possible the same as in Example No. 2. The size 
of the bottom flange will be determined by the calculation. 
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At failure, the distribution of stress in the top part of the beam will be as 


Fig. 5 (nu). The total compression is 
o-2hd O-2hd 
— \4 §025) 4500 5 4500 \4 2025 
rhe area of wires required is sq. in. The moment, about the wires, of 


160,000 
the compressive stresses in the flange is 
§500hd (distance of centroid of compressive area from the wires) 
the moment about the bottom edge of the top flange) — (5500hd odd), 
(o-2d)? 


— (2 5625) sh 4400hd* 4975)d*. 


Similarly the moment about the wires of the compression in the web is 


(0°24) 54800 +- (2 * 2025) + (500 >» o-bhd?) 
Hence the total moment is 5340/d?, which must equal 2-5 * 806,400, whence 
hd? is 377. If d is assumed to be the same as in Example No. 2, that is 12-8 in., 
b is 2-3 in. and the width of the top flange is 11-5 in. The area of wires required 
is I-t sq. in., which is about the same as in Example No. 2. 

Conditions at transfer determine the size of the bottom flange. A suitable 
trial size can be determined by assuming the flange to be stressed uniformly at 
the maximum stress of 2200 Ib. per square inch, and to resist a compression equal 
to the total tensile force of 1-1 sq. in. * 160,000 Ib. per sq. in. in the wires. The 
area required is 80 sq. in., say, 10 in. by 8 in. as in Fig. 5 (iit). Assume also 
that at this stage the neutral axis is 8 in. above the bottom flange. Since the 
maximum stress in the concrete is only 2200 lb. per square inch the distribution 
of stress may be assumed to be rectilinear, as in Fig. 5 (iv), from which the total 
compression is 


2200 
10 If R 7°7 176,000 33,550 142,120 lb. 


The distance p from the neutral axis to the centre of compression (which must co- 


Io 2 2 
176,000 * — 33,880 
incide with the position of the wires) is 3 } 


142,120 
II-g In. rhe neutral axis is therefore 0-9 in. below the top of the beam and 
lies in the top flange. The small compressive resistance of that part of the top 
flange below the neutral axis and outside the web has been ignored. The overall 
depth of the beam is 16 + og 10-9 in., and the complete cross section is as 
in Fig. 5 (v), which results in a beam about 25 per cent. lighter than that in 
Example No. 2. 
To complete the design it is necessary to check the stress in the wires at 
transfer and to ensure that the changes of strain in the wires and concrete are 


an 
the same. The strain of the concrete at the level of the wires is times the 
1h 
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maximum strain of o-00021, that is o-oooT6. 


Therefore the strain of the steel 
at transfer (from Example No. 2) is 0-00685 — 0-00150 — 0-00016 = 0-00510, 
which corresponds to a stress of 137,000 lb. per square inch and a total force 
of 140,700 lb., which ts not exactly equal to the compression of 142,120 lb. A 
maximum stress of 2180 lb. per square inch in the concrete results in a com- 


wession of 140,700 lb. and does not greatly affect the correlation of strain. 
407 


The Effects of Various Factors. 


Creep.—-The effect of creep, in cases where at failure the neutral axis is 
above the wires, 1s to increase the stress in the wires, and to a less extent the 
moment of resistance, at failure. It is therefore safer to use the “ short-term ”’ 
curve for the concrete (fig. 2) for conditions at failure. This curve should be 
used also for conditions at transfer if the process of transfer is rapid, but if the 
process takes several hours the use of the intermediate curve No. 3 may be 
justified. Ihe effect is, however, small if the strain of the concrete at transfer 
is small. The depth of the beam in Example No. 2 would be reduced to 17-9 in. 
(compared with 18-15 in.), and the initial stress required in the wires to 130,000 lb. 
instead of 138,000 lb. per square inch by using curve (3) at transfer. Reductions 
of a similar degree would apply to Example No. 1. 

STRESS-STRAIN Ratio or Concrete.—There is also some advantage if the 
“ short-term "' curve for the concrete used shows, for equal stresses, strains 
greater than those indicated by curve No. 1. The effect of ‘‘ short-term "’ strains 
of, say, twice those of curve No. 1 can be shown by recalculating Example No. 2, 
and 1s to reduce the stretching force to 117,000 lb. and the depth of beam to 16} in. 
Advantage cannot be taken of such reductions unless the concrete to be used is 
definitely known to be at least as deformable as is indicated by the curve used. 
The advantage of having accurate data in this respect is apparent. 

ERRORS IN TENSIONING.—The effect of the tension in the wires being other 
than that required by the calculations can be seen approximately by recalculat- 
ing Example No. 1 assuming that the wires are stretched so that the maximum 
compressive stress in the concrete is only 2200 lb. per square inch, as in Example 
No. 2, instead of 3750 lb. per square inch as intended. At transfer, r OrOb2 
in Example No. 2; therefore for the beam in Example No. 1, 


h 15°75 1n., ¢ 10,050/ 159,000 lb.; the stress in wires having 


a cross-sectional area of 1-8 sq. in. is 88,300 Ib. per square inch and the strain 
0°00305, Instead of 154,500 Ib. per square inch and 0-00634 as intended. The 
strain of the concrete at the level of the wires is 0-o0014 as in Example 
No, 2. 

Conditions at failure must generally be determined by trial. Assuming a 
position tor the neutral axis, the total compression is 36,000, as in Examples 
Nos. 1 and 2 at failure, and the strain of the concrete o-oo1 at the top of the 
beam. The change of strain between transfer and failure at the level of the 


10 n 
Wires 1S G-OOOT4 4 o-o0r( ) Reference to Fig. 3 shows that, for a 


small stress in the wires, a change of strain of 000035 corresponds to a change 
of stress of about 10,000 Ib. per square inch, that is a force of 18,000 Ib. in the 
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wires. Hence, equating tension and compression at failure, and assuming that 
the stress-strain relation of the wires is constant, 


158,000 Oo! 
36,000n 000014 + —— 0-001 } + 159,000; therefore 5°7 in. 
0°00035 


c OOO "7 205.200 |b 


rhe strain of the steel is 0°00305 + 0-00014 + 0-001 (: 000394, Which 


is just outside the rectilinear range and corresponds to the low stress of 112,000 Ib. 
per square inch, the force in the wires being therefore 201,600 lb. A closer 
calculation gives m = 5-6 in., the force in the wires 202,200 lb., and the lever arm 


56) 7-gin. The moment of resistance at failure is 1,595,000 in.-lb., 


compared with the required resistance of 2,016,000 in.-lb. In this example, 
therefore, a reduction of nearly 45 per cent. in the stretching force has affected 
the moment of resistance at failure by about 25 per cent.; consequently the 
small errors in tensioning that may occur are not likely to reduce senously the 
factor of safety. Errors in tensioning may be due to inaccurately measuring 
the stret hing force, as in the case considered, or because of broken wires. In 
the latter case, the small reduction in the total area of the wires due to one of 
several wires breaking would be compensated for partly by the greater strain 
of the wires consequent on the raising of the neutral axis. The increase of stress 
would not be as great as the increase of strain because of the reduced slope of 
the stress-strain curve. The percentage reduction in the moment would, how 
ever, generally be less than the percentage reduction in the area of the wires. 

ALLOWANCE FOR Space Occuplep By WtkeES.—No allowance is made in 
the foregoing calculations for the cavity in the concrete for the wires or for the 
concrete displaced by the wires. Since this omission only affects conditions at 
transfer, at which stage the local concrete stress is known, allowance can be 
made as follows. 

transfer the stress in the concrete at the level of the wires is 1450 Ib. per square 
inch (from curve No. 1, Fig. 2, for a strain of 0-00014). Therefore a compression 
of 3 1450 — 4350 lb. is missing from the total of 1-152 135,000 159,000 Ib, 
required. Hence 10,0504 must be equal to 159,000 + 4350, whence / = 16°25 in. 


In Example No. 2 the wires might require a cavity of about 3 sq. in. At 


Since the centroid of the compressive area still coincides with the position of 
the wires (and the cavity), 7 is still 0-662, whence the depth of beam below the 
“wires is 5-5 in., and the beam must be 18-3 in. deep to allow for a cavity of 3 sq. In. 

NON-RECTANGULAR BEAM.—If the cross section of a non-rectangular beam 
cannot be divided conveniently into rectangles as in Example No. 3, a curve 
of (breadth stress) should be drawn and the method of calculation of a rect- 
angular beam of um breadth applied. If the curve is irregular, more precise 
methods may have to be employed to determine the area and position of the 
centroid. 


No Tensile Stress in the Concrete. 


The design in Example No. 2 implies that tensile strain will be induced in 
the concrete at the top of the beam at transfer, and therefore cracking may 
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occur since the neutral axis is 2°35 in. below the top at this stage. If tensile 
strain 1s not permissible the depth of the beam should be increased to about 
1g°2 in., the maximum stress in the concrete at transfer then being about 1850 Ib. 
per square inch. Alternatively stretched wires could be provided in the top of 
the beam 

The bending moment which would just cause tensile stress in the bottom 
of the beam can be determined as follows. First calculate the strain of the wires 
when there is no strain of the adjacent concrete. In Example No. 2 this strain 
is O'00085 000150 0°00535. The strain when tension first develops at the 
bottom of the beam will be: between 0-00535 and 0-00521, corresponding to a 
stress in the steel of about 138,500 lb. per square inch; the corresponding 


maximum stress in the concrete, assuming rectilinear distribution, is about 


| ! iL = | L J | 
[STRESS DIAGRAM NP? | 1 2 | 5 
| MIN. STRESS ° ° ° 200 500 700 (1000 
3700 | 2600 | 2000 | 1800 1500 1300 | 1000 
COMPRESSION” 2-07 3°03 400 440 5:00 5:40 6-00 inches 
(LEVER ARM 0-07 1-03) 200 240) 300) 340 400 inches 


MOMENT OF RESISTANCE | 5040 74.200 144,000 172,500) 216,000 245.000 288.000 in. 
| STRAIN OF CONCRETE AT 

LEVEL OF WIRES 2 +36) 12 1-00 090] 0-75 | « 0 
DIAGRAMS INVERTED: 
LEVER ARM 


735 6 97 6 00 5-60 5-00 460 


MOMENT OF RESISTANCE (570,000 500,000 432,000 | 403,000 360,000 550,000 288,000 
STRAIN OF CONCRETE AT at 
LEVEL OF WIRES -2:06| -0O22 0-25 0-38 0-50 0°60 0-75 x10 


400 


Fig. 6. 


138,500 
1950 lb. per square inch, which can be used for the first trial 
IS-15(Q O'5 


calculation, since Fig. 2 shows that up to this stress rectilinear distribution is 


justified. Therefore 71s o-b66, and the maximum strain of the concrete is 0-Oo0o018, 


The strain at the level of the wires ts : 000018 0-00005, and the strain 

oft the wires 18 O00535 O-O0005 0°005 3, corre sponding to a stress of 


138,500 Ib. per square inch, which ts the stress assumed therefore the total 


compression ¢ juals the total tension rhe lever arm is (0-666 IS*I5 5°35 


in The moment developed is 138,500 O75 1,080,000 in.-lb., 


which is equal to the bending moment at which cracks occur and is about 25 per 
cent. more than the bending moment of 806,400 in.-lb. at the working load. 


[he foregoing 1s based on the short-term stress-strain curve (Fig. 2) for 
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concrete, but as a small overload may persist for a long time it is useful to examine 

the case using the “ long-term”’ curve No. 2. With the trial values already 

calculated the maximum strain of the concrete is 0-00144; at the level of the 

wires the strain is 0-00042, the strain of the wires being 0°00535 — 0°00042 
0°00493, corresponding to a stress of 133,500 lb. per square inch. 


. 

Cc 1950 159,000 lb. I-152 x 333,500 154,000 lb. 
Since C and T are not equal, a second trial calculation is made with a maximum 
stress in the concrete of 1900 Ib. per square inch for which both C and 7 
are 155,000 lb. Since the lever arm is still 6-75 in., the bending moment just 
producing tensile stress is 1,045,000 in.-lb., which is less than that calculated 
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Fig. 7.—Variations of Strain with Bending Moment at Level of Wires. 


from the ‘‘ short-term " curve because of the reduction of the tension in the wires 
due to creep of the compressed concrete adjacent to them. The difference 1s 
small in this case, since the stress in the concrete at the level of the wires is small. 


Wires Stretched before Embedment in Concrete. 

lhe foregoing examples relate to beams in which the wires are stretched 
after the concrete has hardened, but if the wires are stretched before the con- 
crete is placed around them the eftect of the shrinkage of the concrete must be 
considered. Immediately before transfer, the concrete around the wires may 
be subjected to a tensile strain of, say, 00003 due to shrinkage, and hence the 
strain of the wires when stretched must be this much in excess of the strain 
required after transfer. The change of strain between transfer and failure may 
also be decreased by shrinkage by, say, 0-0002. Proceeding as before from 
conditions of failure to the requirements at stretching, the alterations of the 
calculated effects in Example No. 2 are that the change of strain of the wires 
between transfer and failure is 0-00164 — 0°-0002 000144; the strain of the 
wires after transfer is 0-00541, the corresponding stress being 142,000 lb. per 
square inch. The value of A required is 16-3 in. and the total depth of the beam 
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should be 18-3 in. instead of 18-15 in. To allow for the shrinkage before transfer, 
the initial tensile strain in the wires must be 0°00541 + 0°0003 = 0°0057I, necessi- 
tating a stress of 146,000 Ib. per square inch instead of 138,000 lb. per square 
inch. The effect of shrinkage increases as the neutral axis at failure is lowered, 
and as the elastic modulus of the concrete increases. 

Hysreresis iN STEEL Wires.—If the wires are stretched before the con- 
crete is cast around them, the tensile stress in the wires before transfer may be 
greater than the stress at failure, particularly if the wires are initially over- 
stressed to allow for creep of the sfeel. In such cases the strain of the wires may 
be partly elastic and partly plastic, subsequent reduction of strain leaving the 
plastic strain unaltered. Curve B in Fig. 3 is parallel to the initial rectilinear 
curve A and shows the hysteresis effect. Curve B applies to steel which has 
been stressed to 170,000 Ib. per square inc h and should be used for subsequent 
lower stresses in cases where the wires have been previously stressed to this 
amount. Curves similar to B can be drawn for other values of overstress, and 
if used instead of the curve A (up to the point of initial stress) the calculations 
given in the foregoing need no further alteration. 

The stress at failure in wires which are stretched after the concrete has 
hardened is alwavs greater than that at transfer, and hysteresis effects do not 


arise. 


Beams with Non-bonded Wires. 


Ihe assumption that the strains of the wires and concrete at the level of 
the wires are at transfer constant throughout the length of a beam in which the 
wires are straight and are stretched after the concrete has hardened, is justified 
if the bending moment due to the weight of a beam of uniform cross section 1s 
not considerabl Subsequent bonding ensures that local changes of strain are 
the same in the wires and concrete, and the foregoing methods of calculation 
apply. In the case of non-bonded wires in a loaded beam the strain of the wire 
is constant throughout its length at each stage of loading, but the strain of the 
concrete at the level of the wires varies from point to point, and compatibility 
must be based on total extensions or contractions and not on local strains. The 
fundamental rules, that the total compression equals the total tension, and the 
total compression (or tension) multiplied by the lever arm equals the local bend- 
ing moment, still apply. In addition, since the tensile force is everywhere the 
same, the area of the compression diagram must be the same at all sections of 
the beam: consequently the lever arm varies as the bending moment. In 
Fig. 6 are shown various distributions of compressive stress to give a force of 
Ib. in a 12-in. by 6-in. beam with non-bonded wires placed 2 in. from the 
bottom lhe resulting lever arms, moments of resistance, and strains of the 
concrete at the level of the wires are also given. It is seen that strain and moment 
of resistance do not vary in proportion, so that the assumption that the mean 
strain in the concrete at the level of the wires is equal to the strain at the section 
of mean bending moment is generally untrue. One way to find the strain in 
the concrete at the level of the wires is to draw a curve of strain against moment 
of resistance as in Fig. 7, and obtain therefrom, and from the known distribu- 
tion of bending moment along the beam, a curve showing strain in relation to 
position along the beam. From the curve the mean strain can be determined, 
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DESIGN OF PRESTRESSED CONCRETE BEAMS. 


and this must correspond to the mean strain of the wires under the same con- 


dition of loading. 


The consequent calculations are laborious. 


The writer does 


not recommend beams with non-bonded wires because overloading is likely to 
produce wide cracks, and may in some cases produce sudden failure due to the 
lever arm being reduced by upward movement of the wires in the cavity. 


Correspondence. 
ENGINEERING EDUCATION. 


Sixr,—I feel bound to comment on the 
excellent Editorial Notes on Engineering 
Education and Training in your numbers 
for January and May. It is deplorable 
that some engineers are so narrow in 
their outlook that they cannot perceive 
the virtues of a more liberal education for 
the younger members of their profession 

My university training was interrupted 
by war. However, I spent a total of 
four years at a university studying engin- 
eering, but three years’ experience since 
convinces me that this training was 
neither long enough nor liberal enough. 

It is my view that there should be a 
period of about two years between school 
and university during which time the 
young man learns something of the world 
around him. My most valuable year at 
the university was that spent after a 
period of four years in the Army. I 
quote this experience because it is the 
views of a very vocal and narrow-minded 
section of the profession which are more 
commonly heard 


R. E. D. Burrow, B.Sc 


SIR Professor C. E. Inglis in his presi- 
dential address to the Institution of Civil 
Engineers drew attention to the training 
of engineers and advocated a widening of 
the basis of the professional training with 
the following words “ Engineering is 
now shaping the destiny of civilisation, it 
has vast potentialities for good or evil, 
and, side by side with his scientific train- 
ing, a student should have his interest 
stimulated towards the humanitarian, the 
economic, and even the ethical responsi- 
bilities of the profession he is about to 
enter.”’ 

In discussing the university education 
of engineers it is essential to distinguish 
between formation’’ and instruc- 
tion’. The valuable habit of acquiring 


E—Se pte mber, 1950 


knowledge is the principal aid of our 
nature in reaching for perfection. This 
knowledge may terminate in a mechanical 
process, and in something useful; but it 
may also fall back upon that reason which 
informs it. In the former case it is useful 
knowledge and in the latter it is liberal 
There are then two principles of educa- 
tion: one dealing with useful arts, the 
other rising towards general ideas. Those 
who use knowledge in one way are not 
likely to use it in the other. 

A university is a place of formation 
rather than instruction—formation imply- 
ing an action upon our mental nature, 
while we are instructed in arts and trades, 
for these are contained in rules committed 
to memory. Thus a university should 
employ itself in the education of the 
intellect to reason well in all matters 
Professor Inglis states: ‘‘ My conception 
of the primary duty of a university is that 
it should cater for the needs of those who, 
without any suggestion of class distinc- 
tion, are expected to become future 
officers in the army of civilian engineers 
men who are destined ultimately to hold 
positions of high and varied responsibility 
fo fulfil this duty, education in the 
broadest and most liberal interpretation 
of the term is required. On the other 
hand, the main preoccupation of technical 
schools should be to give the specialised 
training so essential for those who in that 
army will occupy no less important and 
far more numerous positions of non- 
commissioned officers. Education rather 
than specialised training should be the 
university ideal, and in this connection it 
cannot be too strongly emphasised that 
education is something much wider and 
more profound than instruction.” 

Your suggestion that an arts course 
should precede any science course is 
undoubtedly the solution. It is interest- 
ing to note that the liberal versus the pro- 
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education was debated at the 
beginning of the last century by the 
of Oxford and the Edinburgh 
Keviewers, when Dr Cople ston, Provost 
of Onel College, said It 8 an undis- 
puted maxim in political economy that 
the separation of professions and the 
division of labour tend to the perfection of 
every art, to the to the 
comfort well-being of the 
community 

extent it may 


fessional 


University 


wealth of nations 
and 
There is no saying to what 
and, the more 
the powers of each individual are concen 


general 
be carned 


trated in one employment, the greater the 
skill and quickness will he naturally dis 
play in while he 
effectually to the 
national 
and 


performing it Sut 
thus contnbutes more 
accumulation of wealth, he be 
degraded as a 
In proportion, his sphere 
narrowed, his 


habits bene 


comes more more 


rational being 


of action 1s mental powers 


and ome concentrated, and he 


Some concrete beams reinforced with 
strips of wood were recently tested in 
Hungary and are described in “ Engineer 
ing News-Record The concrete had 
a compressive strength of sooo Ib per 
square inch and the wood (silver fir) had 
an assumed tensile strength of 2000 Ib 


Lhe 


wood, the 


failed due 


‘ ompre 


inch beams 
to rupture of the 
stress in the concrete being about 4000 Ib 
when the wood failed 


I he strips of wood were pre vented from 


per square 


per square mech 


shpping by steel stirrups and, to prevent 
when in the concrete, the 
soaked being placed The 


resistance of the wet 


swelling wood 


was before 


bond 


wood 


was 


fue Association Scientifique de la Pré- 


contrainte (25, Boulevard Raspail, Paris 

announce that a convention on 
prestressed concrete will be held on 
October 16, 1 ind 15 The convention 
will mprise lecture ind discussions 
and visits t 1 railway sleeper factory at 


Wood as Reinforcement. 


Prestressed Concrete Convention in France. 
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subordinate part of 
machinery, useful in its place, 
but insignificant and worthless out of it 
Society itself requires other con- 
tribution from each individual, besides the 
particular duties of his profession. And, 
if no liberal estab- 
lished, it is the common failing of human 
nature to be engrossed with petty views 
and interests, to underrate the importance 
of all in which we are not concerned, and 
to carry our partial notions into cases 
where they are inapplicable, to act, in 
short unconnected units, 
placing and repelling one another 

| beheve 


resembles a 


some 


powe rful 


such intercourse be 


as so many dis- 
have every 
that a 
must 


you justification 
really great 
have a hberal 
education which puts at his disposal all 


natural 


for your statement 


engineer or scientist 


knowledge 
BANNISTER 
Carditt 


100 Ib. per square inch, but there was 
hardly any bond when it was dry It is 
recommended that the cover of concrete 
over the wooden strips should be at least 
14 times the thickness of the stmp for 
interior members. Wood as _ reinforce- 
ment is not recommended for members 
exposed to severe weather, although pre 
cast concrete piles up to 25 ft. long and 
reinforced with which has about 
the same elastic modulus as concrete) are 
used to support a quay wall at Budapest 
[he piles were highly resistant to damage 
during driving Another example of the 
use of wood as reinforcement is a 30 ft. by 
13 ft. concrete 


wood 


Caisson 


et-Onse indus- 


and 
underground 


quay construction 
trial buildings at Le Havre 

car park, elevated road, and industrial 
buildings at and the bridge at 
Moret-sur-l Seine -et-Marne De 
tails of the arrangements for those 
attend the convention 
from the 


Kouen 
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Association 
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THE new Clark Dam (Fig. 1) at Butler's 
Gorge, Tasmania, is an arch-gravity 
structure 200 ft. high and about 1,000 ft 
long. The thicknesses at the crown are 
shown in Fig. 2. The accompanying illus- 
trations (from the “‘ Constructional Re- 
view,’’ March, 1950), show the work 
during construction The following notes 


relating to the design and construction 
are mainly from papers in the Journal 
of the Institution of Engineers of Aus- 


SiC TION Of Daal AT CROWN 


Fig. 2. 


tralia from which Figs. 2, 5, and 7 are 
reproduced 

The rock at the site is dolerite, and 
forty 1-in. bores, the deepest of which 
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THE CLARK DAM, TASMANIA, 


penetrated 200 ft. below the river bed, 
indicated that there is a sufficient thick- 
ness of rock below the site There is no 
definite stratification of the dolerite, but 
two inclined seams of decomposed dolerite 
cross the foundations. Brecciation of 
the material in the thicker seam indicates 
a fault along the line of the seam. Much 
of this material has been removed and 
replaced by concrete. Shallow, or “ blan- 
ket,’ low-pressure grouting over the area 


Fig. 1. 


covered by the dam, and deep, or “ cur 
tain,’’ grouting have been done to solidify 
the rock 


Type of Dam. 


Many types of dams were investigated 
before the final design was settled Al 
though plenty of rock was available, a 
rock-filled dam was rejected because of 
the absence of fine material suitable for 
the impermeable core 4 reinforced 
concrete cut-off wall in conjunction with 
slabs on the upstream face of a rock- 
filled dam were rejected because of the 
difficulty of ensuring watertightness and 
stability at the same time as allowing for 
settlement \ roundhead-buttress dam, 
although economical, was not adopted 
because of the complex shuttering and 
the uncertainties in the design of a 
structure so much higher than other 
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Fig. 3. 


this 
costs of a 


dams of type. Comparison of the 
estimated gravity dam, an 
arch dam, and an arch-gravity dam 
favoured the last-named type 

tnal-load method of 


used in which the 


analysis was 


pressures are distri 


buted between 
levers and 
way that 
metrical « 


assumed 
horizontal arches in 
the deflections 
mtinuity 


vertical canti- 
such a 
maintain geo- 
Complete calcula- 
tions of such a dam require consideration 
of radial and longitudinal deflections, 
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the deformation of the rock at the akbut- 
ments of the arch and the foundation of 
the cantilevers, rotation about vertical 
and tangential axes of the centre-lines 
of the assumed arches and cantilevers, 
possible cracking of the concrete if the 
tensile stress exceeds 50 Ib. per square 
inch, and the effect of the heat generated 
internally. Extreme accuracy is neces- 
sary, as the computed deflections are 
small differences of large numbers. Tests 
showed that the elastic moduli in com 
pression of the dolerite and concrete made 
with dolerite aggregate are about 
15} x 10* lb. and 5 x 10° lb. per square 
inch respectively, and these values were 
used in the calculations 

Since the calculated stresses in the first 
trials were reasonable, adjustments for 
radial variations only were made. The 
dimensions of an existing dam of the 
same type were modified and used in the 
first analysis, and small alterations were 
made for the second analysis upon which 
dimensions to which excavation cculd 
proceed were established The final 
analysis, which was made when the exca- 
vation was complete, indicated that the 
probable values of the greatest stresses 
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(per square inch) were 733 lb. (compres- 
sive) in the cantilevers and 335 Ib. (com- 
pressive) and 126 lb. (tensile) in the arch. 
The corresponding stresses in the second 
analysis were 670 |b., 300 Ib., and 165 Ib. 
per square inch respectively. The great- 
est deflection in both analyses was 1-2 in. 
The greatest shearing stress was 217 Ib. 
per square inch 

Vertical radial contraction joints 
only are provided and are generally at 
50-ft. centres. To ensure monolithi 
horizontal arch action, the joints were 
grouted when the temperature of the 
body of the dam was slightly below the 
mean annual temperature. Details of 
the joints are given in Fig. 5, which also 
shows a cross section of the dam 


Concrete. 


The heat of hydration was kept low by 
using a modified Portland cement in which 
the heat generated at seven days did not 


exceed 70 calories per gramme and at 
28 days So calories. Because of the risk 
that the dolerite aggregate might react 
with the cement, the alkali content of 
the cement was limited to 0-6 per cent. 
The cement, of which about 40,000 tons 
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used, was delivered to the site in 
which were split and rumbled 
mechanically and the contents deposited 
in a 75§0-tons steel silo. It is thought 
that the loss of cement due to this method 
did not exceed § per cent. compared 
with up to 2 per cent. in the ordinary 
method of emptying bags. Bulk trans- 
port was not used because of the cost of 
returning the empty containers a 
tance of 240 miles, partly by road and 
partly by rail 

The cement content of the concrete ts 
about 10 per cent. of the mixture by 


were 
bags 


dis- 


A 


weight ; it was greater at the commence- 
ment of the work and was reduced to 
10 per cent. as the control became more 
efficient Ihe dolerite aggregate was 
obtained from a quarry about j mile 


from the dam, and was crushed to provide 
three sizes of coarse material and two 
sizes of fine. The primary properties 
required of the concrete were durability 
and impermeability, and a no-slump 
concrete having these properties would 
have sufficient strength The strength 
of test cylinders and 6-in cut 
from the dam was about 6000 lb. per 
square inch at three months 

The materials were proportioned in an 
automatic weigh-batching plant and the 
concrete mixed in three 2-cu. yd. tilting- 


cores 
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drum mixers producing 2 cu. yd. of 
concrete per minute I ransport to the 
site of placing was done in 4-cu. yd 


buckets suspended from one of two 1o0- 
tons cableways. The concrete was placed 
generally in 5-ft. lifts, there being usually 
an interval of eleven days between suc- 
cessive lifts, and was compacted by large 
pneumatic vibrators. Where concrete 
was deposited on rock or on well-matured 
concrete, two or three lifts 2 ft. 6 in 
thick were deposited before proceeding 
with 5-ft. lifts 

It was estimated that the rise of tem- 


perature within the concrete would be 
40 deg. F. if 5-ft. lifts were placed at 
intervals of three days, and 431 deg. F. 
if 2-ft. 6-in. lifts were used Artificial 
cooling was therefore installed by embed- 
ding j-in. gas-pipe in the concrete at 
about 5 ft. 9 in. centres horizontally in 
each 5-ft. lift There are about 600 ft. 
of pipe in each block between contraction 
joints. Pipes at 2 ft. 6 in. centres were 
provided near the faces of the rock 
Appliances were provided in the pipes to 


control the cooling operation and to 
ensure the turbulent flow necessary for 
efficient removal of heat The cooling 


installation, in which 14 million gallons 
of water circulated daily, was designed to 
reduce the temperature of the dam from 
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Rg deg. F. to 45 deg. I 
compared with about 
natural cooling 


in ten weeks, 
four years by 


Construction. 


Figs. 3, 4, © and 7 show the dam im 
course of construction Fig. 3 shows the 
piles of aggregate, the mixing plant, and 
the cement silo The shuttering and the 
keyed construction jomts are also shown 
Other views of the shuttering are shown 
in Figs. 4, 6and 7; on the left of Fig. 4 
is seen the foundation of the power- 
house, and on the right of Fig. 4, and 


Fig 7. 


in the foreground of Fig. 6, the upstream 
cotterdam 

The cofferdams, which were built of 
rock and had a clay core, diverted the 
river to a channel on one side of the site 
lhe diversion could carry a flow of 5000 
cusecs., and occasional floods resulting in 
flows in excess of this amount were 
allowed to through the workings 
after plant lhkely to be spoilt by water 
had been removed In 


pass 


later stages of 
the construction, the river flow was passed 
through the discharge openings in the 
dam. Concreting of the lower part of 
the dam proceeded at the same time as 
excavation, the concrete being kept ba k 
so that it was at no time within 50 ft 
of rock being blasted 

The masts of 
were 1200 ft 


of the cableways 
apart and the head-masts 


each 


and tail-masts could travel goo ft. later- 
ally The two masts of each cableway 
were kept direc tly opposite each other or 
within 40 ft. of this position The masts 
about 68 ft. high ‘hree were 
constructed of timber and one of steel 
The bags of cement were unloaded by 
hand from lorries on to an inclined 24-1. 
belt-conveyor 


were 


which could convey 50 tons 
per hour, and from which the bags were 
dropped down a vertical steel chute 5 ft. 
deep At the bottom of the chute the 
bags passed along a curved chute to be 
discharged horizontally into the drum of 


Porous Shuttering. 


the rumbler 


During passage through 
the curved 


chute one side of each 
was slit longitudinally by two 
The rumbler, which was 10 ft 
slowly turned the bags and the 
cement fell into a hopper below, the 
empty bags being discharged through the 
end of the rumbler Cement-laden air 
was passed thre ugh filters and the salvaged 
cement passed into the silos. The main 
cement silo discharged through a vane- 
feeder into a horizontal screw-conveyor, 
which discharged into the 


bag 
knives. 

long, 
over 


boot of an 


elevator that conveyed 15 tons per hour 


to the concrete mixing installation 
Compressed-air was fed into the cone of 
the silos to facilitate the of the 
cement 


tlow 


he batching and mixing plant, on 
which three men were employed, could 
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produce 120 cu. yd. of concrete an hour, 
the equipment being designed to handle 
material to produce batches of 2 cu. yd 
of concrete. The greatest quantity of 
concrete placed at one time was 820 cu. yd., 
yd. 
yd 


but the average was about 400 cu 
Batching was by weight 
tilting-drum muxers discharged into a 
central collecting cone, which had no 
gate as the concrete was retained in the 
mixers until required 
discharged 


Three 2-cu 


The concrete was 
into buckets on bogies on a 
narrow-gauge track passing directly under 
the cone, and transported thereon to the 
cableways The four buckets used for 
plain concrete in the dam were of 4-cu. yd 
capacity, the consisting of a piece 
of rubber belt held in place by rollers, 
which was closed until a lever was oper- 
ated to cause the rollers to move and 
allow the rubber to clear the opening 
Buckets of 2-cu. yd. capacity were used 
for reinforced concrete work, and had a 
radial-gate having a 12-in. square opening 
allowing discharge into restricted spaces 
Where concrete was to be placed in areas 
not covered by the cableways, 2-cu. yd 
buckets of concrete were transported by 
motor lorry, the buckets being handled 
by cranes 

The shuttering in general was timber 
The cost, ease of re-use, and surface finish, 
were very satisfactory. Shuttering for 
the main part of the dam was of the 
cantilever type, supported by bolts cast 


vate 


A Large-Span Prestressed 


GALEAO bridge at Rio de Janeiro is a 
prestressed concrete structure of fifteen 


spans. Ten of the spans are 
63 ft. 6 in. long, two are 92 ft. 6 in., two 
are 122 ft. 6 in., and the middle span is 
142 ft.6in. The reason for the variable 
spans is that it was originally intended to 
construct the bridge in reinforced con- 
crete. The bridge carries a road and has 
a total width of 65 ft. 6 in. The bridge 
was built in two parts, the first of which 
was opened in 1949 

Each span comprises nineteen I-beams 
at 3-ft. 8-in. centres. The top flanges of 
the beams are 2 ft. 9 in. wide and the 


each 
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in the two previous lifts of concrete and 
without internal ties except at the com- 
mencement of each part of the work. 
One disadvantage of the cantilevered 
shuttering was the relatively large deflec- 
tion, due to the pressure of the concrete, 
causing a stepped face Because it 
was usual to complete concrete placing 
against any one shutter as rapidly as 
possible, the pressure of 5 ft. of wet 
concrete had therefore to be allowed for 
in the of the shutters. Where 
concrete surfaces would be exposed the 
shutters, which were generally 12 ft. high 
and 15 ft. long, were lined with }-in. 
waterproof plywood, and were re-used 
up to 35 
normal for the lining For curved 
faces, or where little repetition 
required, §-in. plywood was used 

Porous shuttering (Fig 
the spillway chute, where an 
smooth finish was important 
prised 1-in nailed to 
Steel }-in. screen plate fine wire mesh, 
and butter-muslin fastened to the 
slats. Concrete placed on a slope of 1 in 2 
tended to bleed,’’ and water and air 
coming to the surface passed through the 
lining of the shutters without carry- 
ing away the fine material, and left 
an excellent surface These shutters 
were stripped as the concrete 
had bled,’’ that is three to four 
hours. 


design 


times; twelve re-uses were 
sur- 


was 


was used on 

accurate 
and com 
slats, main studs 


were 


soon as 
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Concrete Bridge in Brazil. 


bottom flanges 1 ft. 3 in. wide. The web 
varies in thickness from 4 in. at mid-span 
to 1 ft. 3 in. at the supports. The short- 
est beams are 3 ft. 1 in. deep throughout 
their length, but the beams over the 
142-ft. 6-in. span are 5 ft. 7 in. deep at the 
ends and 6 ft. 3 in. at the middle. The 
beams are prestressed by the Freyssinet 
system by containing twelve 
0-2-in. diameter wires, the number of 
cables varying according to the length of 
beam. Each beam in the middle span 
contains twenty cables, all of which are 
in the bottom of the beam at mid-span, 
but some curve upwards at the supports. 
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BOOK REVIEWS. 


“Concrete Kerbs: Causes and Prevention of 
Pailures.”” Hy |. A. lew Loudon His Majesty's 


Stationery Price In USA 24 


1940 


Inis booklet of about twenty pages 
(Road Kesearch Technical Paper No. 18 
of the Koad Research Laboratory of the 


Department of Scientific and Industrial 
Research) describes investigations made 
on failures of prec ast concrete kerbs 


The conclusion is that neither the aggre 
gate nor conditions are common 
causes of failure, but that the main cause 
is that the water-cement ratio of the 
concrete 18 too high It is recommended 
that the average water-cement ratio 
should be 0-5 to 0-55, and that it should 
not exceed 


Site 


ooo 


Pratique du Calcul du Béton Armé."” By 
Parts | and I sth Edition Ghent Editions 
Fechevr 49. Prices: Part I, 540 Belgian francs 
Part Il, 440 Belgian frances 

Tue new edition of the first two parts of 

Professor Magnels four-volume work on 

reinforced concrete differs little from the 

previous edition as the contents deal 
mainly with basic principles and matters 


of a like nature that do not alter or are 
developed only slowly In addition to 
theory, Part | contains the Belgian regu- 


lations for reinforced concrete structures, 
and charts of instructions for concreting 
in cold weather and for consolidation by 
vibration Part Il, which deals with 
beams, the interaction of 
columns and beams, and slabs supported 
on four sides, contains some useful matter 
not found in text books, such 
as consideration in detail of the stresses 
in the corners of frames, the stresses in 
columns bending about an inclined axis, 
and the effect on slabs of flexible supports 
Some new tables for 
directions are 
accompamed by an 
charts 


continuous 


generally 


slabs spanning in 
Part Il is 


album of folding 


two given 


By A. Kieinloge!l and A Haselbach 
I Berlin Wilhelm Eraost & Sobn 
1949 Pr 20 DM 


Durchlaftrager.’* 


[Huis edition is to be 
volumes 


ary theory 


published in two 
Ihe first the ordin- 
and the derivation of coeffici 
ents for practical application 


describes 


Four cases 


of single-span restrained beams and 
thirty-three cases of beams continuous 
over two to seven unequal spans are 


Book Reviews. 


given, with coefficients for the maximum 


bending moments and reactions due to 
loads that commonly occur, and with 
general formul# for cases of uncommon 
loads Numerical examples are given. 


Volume II, which has not yet been pub- 
lished, will apparently contain the same 
data but for special cases, such as equal 
spans 


“Der Haken im 
Berk la Ernst & Soh 
z60 DM 


Bauer. 


1949 Price 


in this booklet of twenty pages tests of 
various types of hooks on reinforcement 


bars are described One of the con- 
clusions is that the anchorage value of 
standard hooks varies considerably The 


decisive factor was found to be the least 
cover of concrete at the side of the hook 
German regulations require a minimum 
cover of o-4 in. to o’8 in., which has 
proved to be insufficient in many cases 
Ihe cover recommended is from o-8 in 
to 4 1in., depending upon the strength of 
the concrete, the quality of the steel, the 
size of the hooks, and the size of the bar 
An anchor-plate was found to be the most 
economical type of anchorage in structures 
where a few large reinforcement bars are 
used 


Packen, Verladen, und Transport von Zement. Hy 


Plassmann, | Rubland, and O. Farber 1949 
Wetsbader Bauverlag G.M.B. H Pree DM.2 

rHIs is a reprint of an article that 

appeared in “ Zement, Kalk, Gips "’ in the 


vear 19458, with much additional matter 
It describes and illustrates a number of 
methods of handling cement in bags and 
transporting cement in bulk by road and 


rail. The latter part of the work (which 
is in the German language), and the 
methods of loading and unloading the 
containers, are of most interest The 
methods described are taken from the 
practice of the Dyckerhoff Portland- 
Zementwerke A.G., which is one of the 


largest cement-making concerns in Ger- 
many 


Book Received. 


“A Measuring Diagram for Deylight Illumination.” 
By Perey |. Waldram 1950 London. B. I. Bats- 
ford, Lid Price Ss 
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(& EARTHQUAKE-RESISTANT BUILDINGS. 


The Design of Multiple-Story Earthquake- 
Resistant Buildings. 


By Dr. H. LEITNER (Quito) 


THE reinforced concrete frame of a nine-story building for newspaper offices at 
Quito, Ecuador, is designed to be resistant to earthquakes. Parts of the third 
and fourth stories are occupied by a radio auditorium 41 ft. wide, above which 
are five stories Fig. 1(a)) of the same width. The method of designing this part 
of the structure is similar to that described in the following. 

The six superimposed frames are designed to resist the bending moments 


(Fig. 1(c)\ and shearing forces due to vertical loads, and those due to horizontal 
forces Fig. 1(4)\ induced by earth tremors, and are analysed by a theory derived 
by the writer and given in “ Ingemeria "’ (Mexico) for October 1944 and January 
1945. The acceleration of the seismic wave is assumed to be 3-28 ft. per sec ond 
per second; therefore each horizontal force, the value of which is given in 
Fig. 1(b), is assumed to be one-tenth of the weight of the part of the structure 
concerned. The figures in circles in Fig. 1(a) give the ratios & of the stiffnesses 
of the columns, considering that of the beam to be unity. From the bending- 
moment diagram in Fig. 1() it is seen that the points of contraflexure occur 
near the mid-height of the columns only in the intermediate stories. In the 
lower stories the point of contraflexure is towards the top of the column, and in 
the lowest of the six stories considered there is no point of contraflexure. In 
the upper stories the points of contraflexure are near the bottom of the column, 
and in the top story it is at the level of the floor. The variation in the position 
of the point of contraflexure is due to the variation in the relative stiffnesses of 
the columns and beams in each story. 
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Analysis of a Six-story Frame. 

A single-bay frame of six stories is eighteen times statically indeterminate, 
but this degree of indeterminacy can be reduced by first considering the frame 
as comprising a number of three-hinged statically-determinate frames subjected 
to the horizontal forces. A building frame of six stories of equal height, and the 
forces thereon, is shown in Fig. 2(a). The forces on either side of the line M—N 
are equal and the point of contraflexure in the beam is assumed to be at the 
midpoint. The number of indeterminacies is therefore reduced to twelve, and is 
further reduced to six by the fact that the bending moment at the bottom of 
each column on the left-hand side is numerically equal to, but of opposite sign 
to, that at the bottom of the corresponding column on the right-hand side of 
each story. 

For the solution of the remaining indeterminacies the general equation for 
the mth story from the top is 


where X,, etc., are the moments by which the three-hinge frame moments are 
adjusted. Thus for the rectangular frame of span L and equal story-heights H, 
the equation for each story ts 


A 2L 
ky 3 6 2k, 3 
I I M,.H I 


M, 
M,) 
M, 
M ) 


M,) 


The values of M are calculated from M, = LF,H,, and in feet-tons are: 
M, = 44 x 9°85 = 43°5; M, = 88 x 9°85 = 87-0; M, = 13:2 * 9°85 = 130°5; 
M, = 17-6 = 1740; M, = 22°0 x g°85 = 217°5; and 


M, = 20°4 X = 201°0. 
Substitution of L = 39°2 ft., H = gs ft., and M,, M,, etc., in (1) to (6) 
gives the following : 
- 5, and k&, = 6. 


x 

X; 
(3) — 6°55X, + 16°35X, — 6°55X, = 70 
4) — + 15°5X, — 6°55X5 = 70 
5) — O55X, + 15X, — 6°55X, = 70 
6 6°55X, + 8-18X, = 1912 
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are: 
218, and 


X,= —o14, X, = — 11°4, 


The solutions 
408 ft.-tons. 


X,= 


The net bending moments at the end 


— 42°3, X, 105, 


of each beam and at the head and foot of each column meeting at one joint 
(Fig. 2(b)\ are obtained from the general expressions for the mth joint, namely 


M,+ X, X M,, + X,, and X, respectively. 


net bending moments are: 


Bending moment at Point 


ft.-tons. 


105 
105 


174 
174 


42°3 ft.-tons. 


215 


218 


17°5 
17°5 


ft.-tons. 


/ 
O05 


405 
405 
-tons. 


ft. 


f{t.-tons. 


The numerical values of the 


= + 43°36 ft.-tons, 


O14 75°74 ft.-tons. 
{t.-tons. 


gq’ ft.-tons. 
88-2 ft.-tons. 


42°3 111-3 ft.-tons. 
69 ft.-tons. 


104°5 {t.-tons. 
{t.-tons. 


105 


218 71 ft.-tons. 


147 {t.-tons. 


Position of Points of Contraflexure. 
Attention has already been drawn to the position of the points of contra- 


flexure. 
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It is possible to control these positions by increasing the height of the 
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lower stories (a procedure which is seldom possible as it entails altering the general 
dimensions of the building), or by increasing the stiffness of the beams in the 
lower stories. Both measures cause the point of contraflexure to move towards 
the bottom of the lower columns and towards the top of the upper columns until 
in the extreme case the points of contraflexure are at the mid-height of the columns. 
Another effect is that the bending moment at the foundation of the lowest column 
is reduced, 

The effect of increasing the stiffness of the lowest beam or of the lowest 
two beams of a six-story frame is shown in Fig. 3. At (a) is shown the bending- 
moment diagram if the stiffness of the lowest beam is six times that of the upper 
beams and the same as that of the column in the bottom story, that is six times 
the stiffness of the lowest beam in Fig. 2. The points of contraflexure are still 
not within the heights of the bottom and top columns. At (}) the stiffness of 
the lowest beam is made twelve times that of the upper beams, and for this case 
the point of contraflexure is within the height of the column but still near the top. 
In (c) the lowest two beams are stiffened and a similar condition to ()) arises. 
In all cases the bending moments in the comparatively weak columns are reduced 
and those in the strengthened beams increased. 

fo obtain resistance to seismic or other horizontal forces there appear 
therefore to be two practicable ways of designing multiple-story frames: (1) Beams 
of ordinary size and columns considerably stronger than is common, as in Fig. 1 ; 
and (2) with columns of ordinary sizes and with beams of greater strength in 
the lower stories. 


Awards of the Franklin Institute. 


Ihe Franklin Institute, Philadelphia, for prestressed concrete members resulting 
l' S.A. has awarded a Frank P. Brown in radical improvement in the design and 
Medal to M. E. Frevssinet and Professor construction of bridges, buildings, and 
Gustave Magnel for their outstanding other structures The medals will be 


development of engineering and technique presented on Oc tober 18, at the Institute 
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Ce CONSTRUCTION WITH MOVING FORMS. 


Construction with Moving Forms.—VII."* 


By L. E. HUNTER, M.Sc., A.M.Inst.C.E. 


SPECIAL APPLICATIONS. 
In the preceding articles the structures considered are mainly silos, bunkers, and 
similar’ cellular structures. In this article the application of moving forms to 
the construction of open or frame structures and buildings, to walls containing 
openings, and to structures of different shapes at different levels, is considered. 


Structures of Variable Shape. 


In many structures which are mainly suitable for moving-form construction, 
parts at the top or bottom may not be suitable for this type of construction. Two 


Fig. 39.-Top: Columns built with Fixed Shutters. Right: Bottom Slab built 
with Fixed Shutters. Moving Forms used for Upper Parts. 


examples are shown in Fig. 39. The large columns supporting a grain silo and the 
bottom slab of the bins were constructed with ordinary column and floor shuttering 
and the moving-form construction commenced at the top of the slab. The 
parapet above the roof is set in from the face of the main walls, and the concrete 
was deposited in ordinary fixed shuttering. 

It is possible, however, to construct moving forms so that they can be used 
for columns below the regular cellular part of the structure (the bottom slab of 

* Concluded from March to August 
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the bins being constructed later) and for a part of the structure that is set back 
above the cellular part, as well as for the cellular part. An example of the form- 
work for a cellular structure that changes in external dimensions near the top is 
shown in Fig. 40. The set-back is allowed for in the original construction of the 
forms. If the height of the set-back is, say, only 15 ft. or 20 ft., the adaptation of 
the moving forms may be more expensive than using fixed shutters for the upper 
part. Fig. 40 shows how moving forms can be adapted to suit a set-back by 
incorporating in the forms for the lower parts the forms for the walls of the set- 
back. The thick lines denote the walls being concreted and, to restrict the 
concrete to the correct forms, stop-ends are provided which shut off the parts of 
the forms not required. When the level at which the set-back occurs is reached, 
the stop-ends are removed and others put in where required, and concreting 
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Fig. 40...Moving Forms for Structure with Upper Part Set Back. 


recommences. For the upper part of the structure the outer forms go up empty 
but are braced internally. 


Open Buildings with Floors. 


It is not practicable to construct ornate structures in reinforced concrete 
with moving forms but, with the co-operation of the designer, it is quite feasible 
to build industrial structures of open construction by suitably modifying the forms. 
The main requirement 1s to reduce the features to a plainness and regularity com- 
patible with the requirements of moving-form construction. A wall must be of 
uniform thickness throughout its height. A column should preferably have the 
same size in each story, although by inserting packing in the forms reduction in 
size can be effected. Corresponding beams in each floor must be of the same 
width, but the depths can be different, if necessary, in each floor. In designing 
a structure for construction with moving forms the requirements mentioned in an 
earlier article in connection with the reinforcement must be noted, and the engineer 
must consider the suggestions of the contractor who is to undertake the work. 
Experience shows that, for structures not less than 50 ft. in height, open structures 
are as adaptable for moving forms as are cellular structures. 
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CONSTRUCTION WITH MOVING FORMS. 


Open buildings have the disadvantage that the forms are not propped laterally 
by internal walls but, in a building in which there are internal columns, support 
can be obtained against the columns. Complete lateral ngidity of the forms must 
be obtained, otherwise the wall may have considerable variations in thickness and 
may even be bowed in plan. When the moving of the forms has started, alteration 
to the forms to overcome a defect is expensive. 


Procedure of Concreting. 

MULTI-STORY STRUCTURES.—-As with all moving-form operations, the planning 
of the work must be considered in the smallest detail. In the case of, say, a ware- 
house of several stories, the method is first to design the forms for the concreting 
of the external walls and internal columns and walls and beams. The movement 


Fig. 41. Moving Forms above the Level of a Floor of an **‘ Open" Structure. 


starts at the ground floor and the walls and columns in the bottom story are 
constructed. When the forms reach the level of the first floor moving is stopped, 
the beam soffits are placed in position, and the floor beams are concreted. Then 
the forms move upward again to the second floor, the first floor is shuttered, and 
the floor slab is concreted when the moving forms have risen sufficiently to leave 
working space. The second and subsequent floors are constructed in a similar 
manner. The procedure depends on the provision of the beam sides in the moving 
forms so that expeditious concreting of the beams can be achieved. When the 
floor beams are concreted, the slab can be constructed at any time, but the fact 


that the beams are already in position ensures a support for the shuttering being 
readily obtained. The floor slabs should, however, be concreted as soon as possible ; 
after the completion of the beams in order to provide lateral support to the walls. 
Where there are no beams or floors it may be preferable to build the columns 
with fixed shutters, the walls being braced as described later for open buildings 
without internal columns. 

OpEN  StTRUCTURES.—lIt has been previously mentioned that, for cellular 
structures, moving-form construction must not stop, but in the case of open 
structures the area of the walls is small compared with cellular buildings and 
consequently the “ drag "’ of the forms on the concrete is proportionally small. 
rhe diagram on the left-hand side of Fig. 41 is a section through moving forms 
after the beams of the floor below have been concreted and the forms have risen 
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above the level of the floor. The steel jack-rods, which between the beams are 
not encased in concrete, are braced to prevent them buckling. This measure is 
most necessary since, in the construction of bins, the jack-rods are supported in 
the wall immediately the concrete in and below the forms has hardened. The 
strain on the jack-rods is considerable and, even in open structures where the 
load to be raised is less, the rods tend to buckle if they are not propped. The 
right-hand side of Fig. 41 shows a plan of moving-form shuttering for the construc- 


Fig. 42..-Construction of Open ”’ Fig. 43.—-Construction of ‘‘ Open 
Building. Building. 


tion of beams, columns, and external walls of an open building and Figs. 42 and 43 
show the construction of such a building in progress. In Fig. 43, the method of 
supporting the jack-rods between floors is shown. 

Ihe arrangements for concreting open structures are similar to those for 
cellular structures, but as the rate of climbing is slower the workmen and super- 
visors have more time to deal with the difficulties that are bound to occur in all 
moving-form construction. 

Oren STRUCTURES WITHOUT INTERNAL CoLUMNs.—-When an open structure 
has no internal columns the wall forms can be supported by built-up timber 
trusses. fig. 44 1s an isometric view and a plan of an arrangement suitable for 
buildings which are not more than, say, 30 ft. wide. The method of supporting 
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the jack-rods would be as in Figs. 41 and 43, or tubular steel scaffolding can be ) 
used for this purpose as shown in the plans and elevation in Fig. 45. ; 

Where openings in walls occur for windows, doors, and similar purposes, the 
forms are blocked out by placing timber boxes or frames (Fig. 41) at the correct 
WALLS BEING CONCRE TEO 

BRACING TO 
TRUSBES 
TrRvse Te oRT 
Foams 
AT CEN TRE 
AR TRUS SNOT 
SHOWN )FIT TES 


SPECIAL ANGLE GEC TION 
BRACKETS To TAKE SCAFFOLD 


WALL FoRMs 
WALING 


TVBULAR SCAFFOLD 


Fig. 44..-Supporting Forms for Open Structure without Internal Columns. 
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position in the forms. If jack-rods pass through the opening, it is necessary to 
construct temporary concrete columns, if possible at not more than 10-ft. to 
15-ft. intervals. fig. 46 shows this type of construction which makes the 
external jack-rods stable. 

TANKS AND CHIMNEYS.—The rise of moving forms for cylindrical reinforced 
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concrete tanks is similar to that for circular cellular structures, but the standard 
of organisation need not be so high because a tank is generally a smaller structure. 
Many tanks have been built with moving forms, some of which are rather crude 
forms of vertically-sliding shutters. Unless the height of the tank is at least 
30 ft. and there are at least three identical tanks, moving-form construction is 
not more economical than construction with fixed shutters. 

Chimneys are tall vertical structures which would seem to be particularly 
suitable for moving-form construction, but reduction of the thickness of the wall 
and the diameter of the shaft in the height of the chimney cause complications 
which generally make moving forms unsuitable. An example of a chimney of 
this kind constructed with moving forms (Fig. 47) is described in the following. 

The lower 33 ft. of the shaft around the flue-openings and other breaks were 
constructed with fixed shutters, but a height of 246 ft. was constructed with 
moving forms. The internal diameter is 11 ft. 7 in. at the top of the footings 
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Fig. 46... Temporary Concrete Columns to Support Jack-rods at Wall Openings. 
and § ft. 3 in. at the top of the shaft. The thickness of the wall varies from 
18 in. at the bottom to 6 in. immediately below the coping. Therefore, in addition 
to the vertical motion of the forms, two other motions were required to reduce 
the diameter of the shaft and the thickness of the walls as the forms proceeded 
upwards. The forms were constructed partly of steel, and comprised six uprights 
inside the shaft to which was attached the internal sheeting, and which were kept 
in their correct position by two sets of six threaded horizontal tie-rods. One 
set was just above the level of the concrete and the other about 8 ft. higher. 
By tightening the horizontal rods systematically as the forms were jacked up, 
the internal diameter was reduced as required. Six external uprights were 
provided and were staggered in relation to the internal uprights, and were 
connected to them indirectly through a link motion. The lengths of the links 
were so proportioned that the thickness was reduced automatically as the internal 
diameter was reduced. The sheeting was attached to the soldiers and was 4 ft. 
deep, and was in pieces of a constant width. The boards were 1 in. thick. In 
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STEEL FORMS. 


for 
In-situ Cast 
Concrete 
STEEL FORMS are being used on many important 


Contracts, Power Stations, Flats, Reservoirs, and also in the 
construction of the Festival of Britain Exhibition. 


THE OUTSTANDING FEATURES are 


Speedy erection with safety, 
Time and labour saving, 

Easily handled and erected, 
Every unit interchangeable, 
Long life with low upkeep, ' 


First-class design and construction, 
Overcomes timber wastage, ; 
Repetition construction simplified, 

Minimum cost with maximum efficiency, 
Smooth, accurate concrete surfaces. 


Specifications and Quotations 
on request 


A. A. BYRD & CO., LIMITED 


210, Terminal House, 
Grosvenor Gardens, London, S.W.1. 
"Phone : SLOane 5236. "Grams : Byrdicom, Wesphone, London. 
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Sex 
> 


PRESTCORE 


Vibro — Cast - 
length required 


dense compressed comerete 


in-place to 


syetem en- 


sures a full cross-section of 


Prestcore — Bored piles built 


up in place, from pre-cast 


conerete units 


can be formed 


despite limited headroom. No 


vibration. 


Larssen Steel sheet piling 


cofferdams, ete. 


LARSSEN 


for permanent retaining walls, 


THE BRITISH STEEL PILING CO. LTD. 
KINGS HOUSE, 10 HAYMARKET, LONDON, S.W.! 


Telephone : Trafalgar 1024 8 Telegrams : Pilingdom, Lesquare, London 
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moving up the shaft each piece supported a strip of concrete of constant width 
extending the whole height of the chimney. To support the tapered strips of 
concrete between the sheets, sheet-iron plates overlapping the wooden sheeting 
were provided and were kept moving by being hooked loosely over the top of the 
sheeting. This arrangement allowed the pieces of wooden sheeting to approach 
one another easily by sliding behind the metal as height was gained. 


Iwo scaffolds attached to the outside of the plates were able to contract 
automatically as the diameter of the chimney diminished. The upper scaffold 
was used by the steel fixers and the lower one, which was reached through a man- 
hole in the upper one, was used by men making good any blemishes in the concrete 
and fixing attachments for lightning conductors, steeplejacks’ ladders, and 
inspection boxes. The vertical reinforcement bars were carried to the top by 
a hoist inside the shaft, but the shape of the circular horizontal bars, of which 
there are three in each ring, prevented them from being handled in this wav, 
and therefore they were hauled up on a snatch-block and rope outside the shaft. 
The concrete was lifted in small pails by the hoist. An average depth of 3 in. 
of concrete was deposited in the forms every hour, that is 6 ft. in 24 hours, this 
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being about the greatest rate of progress possible for such a slender shaft using 
ordinary Portland cement in winter in England. The work was carried out in 
three shifts of 8 hours each per day, working seven days per week. 


Cost of Moving-Form Construction. 


In this and previous articles it is stated that for low structures moving forms 
are more expensive than fixed shutters, but for walls more than 50 ft. high there 
is a Saving, especially as the deck serves as a working platform and also as shuttering 
to the soffit of the roof. The initial cost of moving forms is the same irrespective 
of the height of the structure, and the equipment has a high salvage value. 


IN T 


HEIGHT 


Fig. 48. Relation between Cost of Forms and Height of Structure. 


Ihe curve in Fig. 48 shows the relation between the probable cost of the 
forms and the height of the structure. It is seen that the cost for the forms ts 
reduced very quickly above a height of 30 ft. and becomes more constant at So ft. 
Therefore the cost of the forms is inversely proportional to the height of the 
; structure The costs are based on those for a coal bunker erected in 1946 and, 


although not based on several structures, indicate the general trend of costs of 
moving forms. In this case steel forms instead of timber laggings were used. 
The same amount of jacking has to be undertaken for unit area of wall 
whatever the height It would be reasonable to expect that the \ iriation of 
cost of fixing the reinforcement would be similar to that of jacking, and the cost 
of hoisting would increase as height increases. 


Hollow-Block Slabs. 


\ REVISION recently made to British Stan of a floor slab constructed with permanent 
dard Code of Practice CP. 114,103 1950 blocks be 1 im. (instead of 1} in.) if the 
see this journal for April, 1050) requires distance between the ribs does not exceed 
that the minimum thickness of the topping is mn 
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STEEL. REINFORCING BARS 


| Although we endeavour to maintain the 


“Stribar’’ service in reinforcement 
bars, deliveries from warehouse stocks 


in the London area are in present 
conditions not always possible. By a 
telephone call to Sloane 4533 it is 
always possible, however, to ascertain 
the latest position. 


UNITED STRIP & BAR MILLS, 8-10, CROSVENOR GARDENS, LONDON, S.W. 1 


Branch of the United Steel Companies Limited 
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ADJUSTABLE 


TUBULAR 
STEEL PROPS 


FOR HIRE OR SALE 


The ideal Prop, simple, robust and 
fully adjustable. Made in two sizes. 


FULLY EXTENDED | WEIGHT 
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SCAFFOLDING (GREAT BRITAIN) LTD. 
MITCHAM, SURREY 
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CONCRETE OF HIGH STRENGTH. 


Concrete of High Strength 


In the course of a lecture given at the 
Building Exhibition held last year in Lon- 
don, Dr. A. R. Collins, A.M.Inst.C.E., 
described some of the principles of making 
concrete having compressive strengths up 
to 10,000 Ib, per square inch. The follow- 
ing is a part of the lecture 
High-strength concrete requires a large 
proportion of cement, carefully selected 
aggregates, and good workmanship. If 
high strength is required at an early age, 
heat curing is generally necessary, or 
high-alumina cement or a mixture with 


on the outside and progresses inwards so 
that if hydration is incomplete the cores 
of the grains remain unaffected but the 
cementing value of the outer layers is 
unimpaired. However, the cementing 
value and strength of the cement paste 
must be affected by the presence of the 
small voids formed by the uncombined 
water. A low water-cement ratio gener- 
ally requires a rich mixture to give sufh- 
cient workability, and to prevent exces- 
sive moisture movement and shrinkage 
very rich mixtures must have a low 
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MATURITY OF CONCRETE IN 000°C Hrs 
Fig. 1. 


a high proportion of Portland cement and 
a low water-cement ratio should be used. 
It was explained that knowledge of the 
production of very high strengths is very 
fragmentary 

Tests show that when Portland cement 
hardens it does not combine with more 
than about half the weight of water in 
the mixture, the other half of the water 
forming fine pores in the concrete. For 
complete hydration the cement must com- 
bine with 20 per cent. to 25 per cent. of 
its weight of water. Therefore if the 
water-cement ratio is less than about 0-44 
the cement does not in the early stages be- 
come fully hydrated. This fact does not, 
however, appear to affect the strength, as 
hydration of the grains of cement begins 
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water-cement ratio. Although the type 
of aggregate does not seem to affect the 
one-day strength, it does seem to aftfect 
the strength as the age increases and as 
the water-cement ratio decreases. In 
recent tests the highest strengths were 
obtained with granite coarse aggregate 
and natural sand whilst the lowest 
strengths were obtained with the natural 
uncrushed gravel. The tests also showed 
that for the same water-cement ratio lean 
mixtures gave higher strengths than the 
richer mixtures The consistency of the 
mixtures producing concrete of very high 
strength is generally too dry to be meas- 
ured by the slump cone and for such 
mixtures the compacting factor was used 
in the tests to assess the workability. 
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CONCRETE OF HIGH STRENGTH. 


The results of the compacting-factor tests 
also showed the superiority of granite 
aggregate, other aggregates giving results 
roughly in the same order as in the 
strength tests. It would be unwise, how- 
ever, to draw the conclusion that granite 
aggregate is always better than flint gravel 
until more materials have been tested 


Heat Treatment. 


The rate of hydration of cement, pro- 
vided that water is always present, will 
within limits increase as the temperature 
is raised rhis ability to increase the rate 
of hardening of concrete by heating is 
sometimes used to obtain high strengths 
at early ages, the process being to main- 
tain the concrete at a temperature of, say, 
70 deg. to So deg ] or to use steam to 
raise the temperature of the concrete 
almost to the boihng poimt of water 
In some processes, which require costly 
equipment, a temperature higher than 
boiling point is obtained by the use of 
steam under pressure this process is 
suitable only for small products The 
strength of concrete cured at high tem- 
perature is greatly affected by the time 
between mixing and the application of 


CONCRETE 


heat, the size of the concrete member, 
and the rate of heating. As the strength 
of concrete depends on time and tem- 
perature, the total curing value can be 
represented by the result obtained by 
multiplying the number of hours of 
curing by the temperature Thus, curing 
for 100 degree-hours may mean two hours 
at 50 deg. C. or four hours at 25 deg. C 
It has been found that within reasonable 
lhmits the strength of concrete cured for 
the same number of degree-hours is con- 
stant even if the actual times and tem- 
peratures are varied It follows that 
high-temperature curing does not produce 
higher strength but merely decreases the 
time required to reach a certain strength. 
This phenomenon is illustrated in Fig. 1, 
which shows the strength of a concrete 
plotted against the number of degree- 
hours of curing (called in the diagram the 

maturity " of the concrete The full 
line is that obtained at normal tempera- 
tures and the circles are for steam curing 
at temperatures up to oo deg. ¢ 

If concrete is heated too quickly there 
will be large differences in temperature 
through the body of the concrete which 
may result in ‘cracking If the tempera- 
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Station - 


FARR. 


WESTBURY - 


LTD. 


Wilts. 


‘Phone. WESTBURY (Wilts) 356 (5 lines) 


2 Victoria Street, WESTMINSTER, S.W.1 


*"Phope: ABBEY 2008 (2 lines) 


CIVIL ENGINEERING AND BUILDING CONTRACTORS 


1. CIVIL ENGINEERING. 


Earth Moving and Levelling. 

Pile Driving and Heavy Founda- 
tions. ‘ 

Road and Bridge Building. 

Sewers and Water Mains. 

Tunnels and Outfalls. 

Reservoirs and Water Towers. 

Cooling Towers, Chimneys and 
Silos. 

Wharves and Jetties. 

Railway Sidings, etc. 


DEPARTMENTS: 


2. BUILDING. 
Factories, Offices, 
Garages, etc. 
PLANT HIRE. 
Excavators, Trenchers. 
Bulldozers, Scrapers. 
Dumpers, Rollers. 
Compressors, Mixers. 
Concrete Pumps. 
Pile Frames. 
Winches and Hammers. 
Mobile Cranes, etc. 


Schools, 


4. HEAVY HAULAGE. 


Special Machinery Carriers and Low- 
Loading Lorries for carrying heavy 
plant and machinery up to 3@ tons 
weight. 


Dismantling and erection of heavy 
machinery undertaken. 
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Serrewmer, CONCRETE AND CONSTRUCTIONAL ENGINEERING 


MISCELLANEOUS ADVERTISEMENTS. 


Situations Wanted, 3d. a word: mini- 
mum 75. 6d. Situations Vacant, 4d. a 
word: minimum tos. Other miscella- 
neous advertisements, 4d. a word: 10s. 
minimum. Box mumber 1s. extra. 


Advertisements must reach this office by 
the 23rd of the month preceding publicatica. 


SITUATIONS VACANT 


NORTH THAMES GAS BOARD , 


SENIOR DRAUGHTSMAN required, experienced in the 
design and detailing of reinforced concrete structures. The 
appointment is of 4 permanent nature, and pension terms 
will be discussed with short list candidates Starting salary 
will be between {600 and {700 per annum, according to age, 
qualifications and experience. Applications, giving age and 
full particulars, should be sent to the Starr CowTRotier, 
Norra Tames Gas Boarp, 30 Kensington Church Street, 
London, W.&, quoting reference number 9796 


SITUATIONS VACANT. Consulting Engineer's Office, 
Westminster, specialising in reinforced concrete work, has the 
following vacancies on permanent staff: Appointment A, 
Senior detailer, salary {700-4800 Appointment B, 
Two detailers, salary {500-4600 p.a. Applications, stating 
age, expenence salary required, to Box 2404, Concrete 
AND CONSTRUCTIONAL ENGINEERING, 14 Dartmouth Street, 
Westminster, 5.W.1 


SITUATIONS VACANT Reinforced concrete designers 
and detailers required by old-established firm of civil 
eng) neering ractors in Leeds. The positions are 
permanent and progressive to suitable nen, and the work 
1s Varied and interesting Write stating age, qualifications, 
experience, and salary required. Applicants selected for 
interviews will be provided with travel vouchers and 


reasonable it-of-pocket expenses. Apply in confidence 
to Box 2400, ann ConsteuctionaL EnGinerr- 
two, 14 Dart ith Street, Westminster, S.W.1 


SITUATION VACANT Ke 


Manager for engineering < 


ured Deputy to Design 
partment in Birmingham 


Should have all-round experience of reinforced concrete 

design and able t ntrol staff The minimum age is 32 

years, and the post offered is permanent and progressive 

Salary according to qualifications and experience Five-day 

week and Pension Scheme in operatior Write, giving full 

details, to Box C.C. 991 at 191, Gresham House, London, 
C.2 


SITUATIONS VACANT Draughtsmen-Detailers and 

Draughtsmen w working knowledge of reinforced con 

crete are invited to apply to us for progressive and resp n- 

sible positions which are now open im the Manchester and 

Birmingham area. Write, giving full details, to Box 
E. 992 at 191, Gresham House, London, E.C.2 


SITUATION VACANI Senior Reinforced Concrete 
Designer required for permanent staff of Consulting Engin 


eer's Office in strminster Appheants must possess 
several years’ « rience in a responsible po-ition in first 
class reinforced concrete specialists’ offices. Commencing 
salary {900 to {1,000 pa Applications, which will be 
treated as confident should give full details of age and 
experience. Box 2411, Concrete anp 


Enoinerrinec, 14 Dartmouth Street, Westminster, S.W.1 


THE 
LIVERSEDGE REINFORCED CONCRETE 
ENGINEERING COMPANY LIMITED, 
LONDON 


require immediately the following additional staff 
Permanent positions and five day week. 

(a) Retnforced concrete designers, preferably 
with experience of project work. Salary 
{750-1900 according to experience, etc 

(b) Designer-detailers and draughtsmen, to work 
under supervision. Salary according to 
experience and capabilities. 

Applications in confidence, stating details of 

ex nce, qualifications and age to 314 John 
Adam Street, Adelphi, London, W.C.z. 


SITUATIONS VACANT The British Reinforeed Con- 
crete Engimeering ( Ltd., require several qualified de 
signers with specialist experience for their Stafford and 


London offices. Five-day week, staff pension scheme, and 


canteen. Apply to Co. Lrp., 
Staff wd 

SITUATIONS VACANT Seni engimeer designers are 
required by a well-known frm of reimforced concrete 


specialists to take charge of branch drawing ofhces in Bristol, 
Manchester, Newcastle, Leswester, Sheffield, and Glasgow 


Designer -detailers are also required The firm has a pen 
sion scheme Box 2412 and ConsTeUCTIONAL 
EnGineraine, Dartmouth Street, Westminster, 5.W.1. 
SITUATIONS VACANT Steelwork designers and 
draughtsmen required at an early date for important works 
on several large generating stations Position is of a per 
manent character A fullescale superannuation scheme is 
in operation. Applicants are asked to send details of 
experience and scale of salary required, and to state when 


avaliable for mterview amd im 
Manchester, to C. S. Atcort & Sow, Consulting Civil Engin 
eers, 1 North Parade, St. Mary's Parsonage, Manchester, + 
SITUATIONS VACANT Kemforced concrete designers 
and draughtemen required at an early date for important 


works on several large generating stations Position is of 
1 permanent character. A full scale superannuation scheme 
is in operation Applicants are asked to send details of 


experience and scale of salary required, and to state wher 
available for interview and explanation of duties in Man 
chester, to C. S. Atnorr & Son, Consulting Civil Engineers 
t North Parade St. Mary's Parsonage, Manchester 

SITUATION VACANT Desugner-draughtsman required 


to speciahse in prestresse d concrete with same vears of 
experience in remforeed concrete desigt Permanent 
Appointment Write, stating experience, age, and salary 


required, to the Manacer, Concerre Devetorment Co 
Ltp., Thorney Lane, Iver, Bucks 

SITUATION VACANT. Cast concrete products, East 
London area. Competent asuistant works manager re 
quired, preferably with knowledge of reconstructed stone, 


bydrauhe pressed paving, and repetition units Five day 
werk State expenence and required Hox 
c/o Watters Jupp, Lrp., 47 Gresham Street, London, 
E.C.2 


SITUATION VACANI Eapenenced engineer required 
for London office of renforced concrete specialists. Salary 
Or according to experience Write with par 
ticulars to Box H.665, Sreeers, 110 Old Broad Street 
London, E.C.2 


SITUATIONS VACANI Designers and draughtemen 


required for London head office and/or site offices of oid 
established firin of rewnforced concrete engines sper ing 
n hollow tile type floor construction Progre ve posts 
Write fully experience, qualifications and « ry re red 
to Box 143, Attargpyce Paiwer Lrp., Kingsway Corner 
Duildings, 109 Kingsway, Lond 

SITUATION VACANT Surveyor taker-off required for 
London office (adjacent King's Cross Station) of remforced 
concrete engineers specialising im hallow tile type floor 
construction Write details of experience, qualifications 


and salary required to Box 149, Attarpyce Lr 
Kingsway Corner Buildings, 109 Kingsway, London, W.C.2 
SITUATIONS VACANT larwe firm of remiforced con 


crete engineers will be requiring draughtsmer detatiers and 


4 reinforced concrete designer at ther Liverpool drawing 
ofhoe which will be opening shortly ihe pests offered are 
permanent Please write, giving full details of experience 
and when available, to Box C.E.204, at 191, Gresham House, 


London, E.C.2 

SITUATION VACANT Senior reinforced concrete de 
signer required in progressive Midland firn Permanent 
pensionable post Salary according to experrence Apply 
F. C. Cowstavetiown Co, Lrp., City Read, Derby 
SITUATION VACANT Junior civil engineer required 


os assistant for site inspection work at head offee of con 
sulting engineer, Westminster Applicant must have at 
least five years’ experience on outende work with con 
tractors. Good knowledge of wal mechanics an advantage 
but not necessarily essential Salary 4540-4650, accord 
ing to age and experience Apphcations to Box 241%, 


mouth Street, Westminster, 5.W.1 

SITUATION VACANT Resident engineer required for 
18 months’ contract, starting in October, in the Isle of 
Wight, for reinforced concrete piling, roads, and founda 
tions, ets Write, stating age experience, and salary 
required, to Strover A Apcock, 235 Vauxhall Bridge 
Road, London, 5.W.1 
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MISCELLANEOUS ADVERTISEMENTS — contd 


SITUATION VACANT. Enginecer-draughtsman required 
for design office of constructional engineers specialising in 
deugn, factory production and erection of butk hings founded 
on the use of precast structural frames. Applicants should 


be qualified structural engineers—-A.M.[Struct.E., or 
equivalent—-and have expenence of design and detailing 
of reinforced concrete his vacancy is for an appomt 


ment with a young and progressive company, and holds 
excellent prospects for the right type of candidate. Flat 
acoummmneietien in rural position two miles from cffice in 
South Warwickshire market town. Apply, stating age, 
experience, qualifications, and salary at present held, to the 
Beecham Estates Constaevction 
Co., Lrp., Shipston-on- Stour, Warwickshire. 


SITUATION VACANT Designer detailer in reinforced 
concrete, MecCa.t & Co. (Shefheld), Ltd., Templeborough, 
Sheffield, P.O. Box 41. 


MINISTRY OF WORKS. 


DRAWING OFFICE STAFF are required in the Structural 
Engineering Division, for duty in London, Risley (Warring 
tom Windscale (Cumberland), and Edinburgh. Hostel 
acecsmmodation is available at Risley and Windscale 
Salary London salary range {300-4425 per annum 
Minimum is hnked to age 21 with {20 additional for each 
year above up to & Maximum entry rate of 4440 per 
annum Kates outside London are slightly bower There 
ure posts of Leading Structural Engineering Assistant 
salary {400-4625 per annum (London), which are filled by 
promotion Applicants should be experienced in design 
and/or detailing of either reinforced concrete or structural 
steelwork The work is varied and not confined to standard 
« hemes Although these are not established posts, some 
of them have long term possilnlities, and competitions are 
held periodically to fill established vacancies Apply in 
writing, stating age, nationality, full details of expenence 
und locality preferred, to: Carer Encineer, 
W.G.10/B.D., of Works, Abell House, John 
Islip Street, London, S.W.1. 


STTUATIONS VACANT Reinforced concrete designers 
sed detailers wanted for Southern Khodesia. Salaries 
up to {t,00o p.a. for designers, and {900 for detailers 
according to expenence Full details of experience, age, 
ete., to Box U.G.U., c/o 95 Bishopsgate, London, E.C.2 
SITUATION VACANT Draughtsman with at least 


three years’ experience in reinforced concrete detailing 


required immechately Apply in writing to Peres 
* Co.. Lrp., Stratton House, Piccadilly, London, W.1, 
stating age, experience, and salary required 


SITUATIONS WANTED. 
SITUATION WANTED Engineer, B.Se., A.M.LC.E 


with consmderable expenence in all types of construc 
thon work, surveving, and design, seeks a position with a 
private firm. London area or Essex Box 2413, Con 
crete 14 Dartmouth 
Street, Westminster, 5.W 


SITUATION WANTED. Structural engineer with broad 


experience in several branches of civil engineering and 
bunkcing comstructior ete seeks opening requiring organ 
ming and administrative ability Constructional engimeers 


preferred Box 2417, CONCRETE AND CONSTRUCTIONAL 
Dartmouth Street, Westminster, 5.W.1 


SITUATION WANTED. Reinforced concrete designer 


with sowed theoretical knowledge (university degree 
20 years’ experience in design, detail, and quantities, and 
capable and competent of working on his Own tnitiative, 
weks change Fupected salary 41,000 p.a Box 2415 


Co~cerre axp Consrevetronat 14 Dart 
mouth West: ter, 


Street 


PROFESSIONAI SERVICES. Civil engineer 


Eng A.M.1LStruect! fiers part-time assistance to 
reinforced concrete engineers Design, detailing, checking, 
RERIN 14 Dartmouth Street Westen meter, S.W.1 


PROFESSIONAI ERVICES Reinforced comecrete de 


saner veraity degre: with twenty years experence 
to prepare mplet esign, working drawings 
bills of quantities 1 te g schedules tor all type f 
reinforced concrete str ture Willing to hely mast? ant 
und contractors requiring part time assistance Box 2415 
Concarre axp 14 Dart 


CONCRETE AND CONSTRUCTIONAL ENGI 


NEERING 1950. 


WANTED. 


WANTED. Twelve Trillor vibrators in good condition. 
State price and where lying. Taxsiac, Ltv., 117 Dunstall 
Road, Wolverhampton. 


FOR SALE. 
FOR SALE. 4-in. thick pressed steel shuttering panels. 
1 ft. 1 ft. atgos. each; 2ft. 10m. * 1 ft. 1om., 


at 115, 6d. each. Other sizes and moulds made quickly to 
specification. Special gutters and ironwork. FE. SterHens 
& Sow, Lro., 58-64 Bath Street, London, E.C.1 


FOR SALE. New 2§-in. bore rubberised canvas suction 
hose with coiled rust-proofed wire insert in 12 ft. and 6 ft. 
lengths. 10s. and $s. per length, carr. paid. Small orders 
C.W.O. please. & Tuxxer, Burnley. Tele- 
phone: Burnley 3065. 


FOR SALE. Stothert & Pitt vibratory compacting and 
finishing machine suitable for the construction of concrete 
rafts 22 ft. to 26 ft. 6 in. wide without change of centre 
tubes. Vibratory and screeding beams for 22 ft. and 
25 ft. wide rafts included. May be seen at Stevenage. 
Price (2,680. Write Box 291, c/o Gro. Murray (aDvT.), 
Lrp., 184 Strand, London, W.C.2. 


TESTING APPARATUS 
WATER-CONTENT TEST—3 MINUTES.—Already in 
use in many indust res where rapid determination of water- 
content is essential, “ SPEEDY" MOISTURE TESTER 
has proved accurate and invaluable for clays, soil and 
concrete aggregates. Portable; non-electric; simple for 
use by unskilled labour Price: {21 108. complete. 
Order direct or write for full particulars to (Dert. CCE/7, 
Twos. Asuwortn & Co,, Lrp., Vulcan Works, Buroley, 
Lancs. 


BURTON- 
DERBY 
ON-TRENT 


GRANTHAM 


MELTON 
@ LOUGHBOROUGH MOWBRAY 


Trent Gravels 
10,000 tons per week 
Washed & Crushed in. to in. 


TRENT GRAVELS LTD 


ATTENBOROUGH noTTs 
Telephone: Beeston 54255. 


Specialities Allied to— 
CONCRETE & BUILDING PRODUCTS 


including Accelerators, Retarders, Hardeners, 
Waterproofers, Oilproofers, Cement Paints, etc. 
For full particulars please write 

ALLIED BUILDING COMMODITIES 


| 
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| 
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We are the leading suppliers of high-class concrece 
and keen competitive prices 
4 
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ture is raised too high too soon after mix- 
ing, a slower rate of increase in strength 
and later a decline in strength occurs, as 
shown by comparing the lower dash-line 
in Fig. 1 with the upper dash-line. 

If the concrete product is large, the 
heat must be applied more slowly and 
for a longer period than with small pro- 
ducts, and ina particular case tests should 
be made to determine the most economical 
heat cycle as it is clearly uneconomical to 
apply more heat than is necessary 

If the concrete is to be stressed a few 
hours after mixing, the heat must be 
applied as soon as possible and the tem- 
perature raised as high as possible by 
placing the product in a steam oven or 
in hot water, but this process cannot be 
applied to products having cross-sectional 
dimensions of more than a few inches. If 
twelve hours or more are available for 
curing, the temperature can be raised 
more slowly by the ordinary processes 
used in a precast products works, and the 
greatest temperature reached need not be 
so high. Heat curing can sometimes be 
used with advantage for work that is not 
to be stressed for several days, since in 


CONCRETE OF HIGH STRENGTH. 


this case a leaner mixture than otherwise 
required can be used. 
Compaction. 

To obtain concrete of very high strength 
compaction is often the main requirement. 
In order to use low water-cement ratios 
with mixtures of reasonable proportions 
it is necessary to be able to compact con- 
crete of very low workability and vibra- 
tion is nearly always essential, but in 
making high-strength concrete powerful 
vibrators are required. It appears that 
the best results are obtained by \ ibrating 
first at a low frequency and then at a 
higher one. With mixtures of the very 
lowest workability, vibration alone ceases 
to be effective and it is necessary to apply 
pressure to the concrete to cause the 
particles to cohere, but it is difficult to 
say, without much more experience than 
is at present available, which mixtures 
require both pressure and vibration. 
Concrete having a workability represented 
by a compacting factor of less than 0-6 
cannot be placed by vibration alone, and 
mixtures with compacting factors of less 
than about 0-75 to o-8o are not likely to 
be fully compacted by hand ramming. 


igh 
BLOChS 


TRIANCO 


This machine is capable of making 100-125 
blocks per hour. Designed for the production 
of partition slabs, but by means of additional 
fitments, hollow blocks, etc., cam be made. It 
embodies the well-known TRIANCO double 
foggle mechanism for exerting simultaneous 
pressure at the top and bottom of the block or 
slab. Can be supplied with or without jolting 
attachment. 


TRIANCO LIMITED 
Imber Court, East Molesey, Surrey 


Full specification 
can be sent on 
application, 


Telegrams : TRIANCO EAST MOLESEY. BLOCK-MAKING MACHINES 


Telephone EMBerbrook 3300. 
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DATA FOR PRICING 


DATA FOR PRICING 
REINFORCED CONCRETE. 


Materials. 
(Delivered in London area.) 


Acorecates (per cu. yd.).—Washed sand, 17s. 
Clean shingle: in., 15s. 2d.; $in., 175s. 6d. 
Thames ballast, 15s. 94. Broken brick, 
} in., 178. 64 

Cement (per ton, delivered at Charing Cross). 

Portland cement, 6 tons and upwards, 65s. 
1 ton to 6 tons, 70s Paper bags and non- 
returnable jute sacks 9s. 6d. extra 

Rapid-bardening Portland, 6s. above ordinary 

Portiand 

* 417," 87s. 6d 

os. 6d. extra. 

Aquacrete, 315. 6d. above ordinary Portland ; 
saper bags os. 6d. extra. 

colon rete (buff, red, and khaki), in 6-ton loads, 
106s. 6d.; paper bags 9s. 6d. extra 

Snowcrete, {11 175., inc. paper bags. 

“Super-Cement,” 315. 5d. per ton above ordin- 
ary Portland cement (bags 9s. 6d. extra). 

High-alumina cement, r ton and upwards, 

26s. 6d. per ton; paper bags 9s. 6d. per 
ton extra 

Snowcem paint, 56s. per cwt. inc. containers 

Suuttrerinc.—For prices of timber, refer to S.R. & 
O., 1949, No. 1079 (price 1s. 1d.) and No. 94 
(price 5d.) issued by H.M. Stationery Office. 

Reinrorcement.—-Mild steel round bars (per 
ewt.): Qin. to 2} in., 28s. 2d. & in. to 
$in., 29s. § in., 298. 8d. in., 315. 


in 6-ton loads; 


Materials and Labour. 


(Contracts up to {5000. Inc. 10 per cent. profit.) 


PorTLaAND CemMENnT CONCRETE, I: 2: 4.— 
Foundations, 2s. 2d. percu. ft. Columns, 2s. 5d 
per cu.ft, Beams, 2s. 5d. per cu. ft. Floor 
slabs 4 in. thick, 6s. 10d. per sq. yd.; Do., 
s in., 7d.; Do., 6in., ros. 34.; Do., 7 in., 
12 Walls 6 in. thick, ros. 3d. per sq. yd. 
Add for hoisting 3s. 6d. per cu. yd. above 
ground floor level. Add for rapid-hardening 
Portland cement 2s. per cu yd. 
Reinrorcement.— Mild steel round bars, includ- 
ing cutting, bending, fixing, and wire (per 
cwt.)—} in. to in., 48s. 6d. & in. to in., 
438. 6d in. to 2§ in., 4235. 
SHUTTERING AND SUPPORTS. 
Walls, 145s. per square. 
Floors (average 10 ft. high), 160s. per square. 
In small quantities, 1s. 8d. per sq. ft. 
Columns, average 18 in. by 18 in. (per sq. ft.), 
1s. Sd.; in narrow widths, 2s. 
Beam sides and soffits, average 9 in. by 12 in. 
(per sq. ft.), 2s.; im narrow widths, 2s. 2d. 
Raking, cutting, and waste, sd. per lin. ft. 
Labour on splays, 34. per lin. ft 
Small fillets to form chamfers, 6d. per lin. ft. 


Wages. 


The rates of wages on which the above prices 

are based are: Carpenters and joiners, 3s. 

© hour (carpenters 2d. a day tool money) ; 

_abourers, 2s. 6¢.; Men on mixers and 
hoists, 2s. 74.; Bar-benders, 2s. 5d. 


This column is sfectally compiled for “ Concrete and 
Constructional Engineering,” and ts strutly copyright. 
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REINFORCED CONCRETE. 


paper bags 


QUICK to REPAY 
INITIAL 


OUTLAY 


Continuous 
OUTPUT 


per DAY. 


enclosed 


All gears totally 


JOHNSON **MEIXRITE” 


5/3, Concrete Mixer 


Completely enclosed al)-stee! machine cut internal gear 
and pinion (inspection cover). Non-rusting hand wheel. 
Fully accessible engine housing. Power unit, 1$ h.p. Petter 
air-cooled, or Lister water-cooled. Diese! radiator cooled. 
Electric motor drive if required. 

Weight, 9} cwt. Width, 2 ft. 8 in. Length, 6 ft. Height, 
sft. 2in. tos ft.6in. Discharge, 2 ft. 6 in 

Easy loading and discharge. Mixing Drum (heavy 


cast iron base, heavy gauge cone) pivots through 360 deg. 


Mobile model “ MIXRITE" Trailer type also available. 
Write for Folder MX/ 24. 


VERTICAL VIBRATION 


Cruciform table-top design ensures 
equal vibration over the entire area. 


ZERO-SLUMP MIKES efficiently consolidated 
JOHNSON “MAXIBRATER” 


Accommodates any precast work up to 1o-ft lengths. 
Let us know your problems! 
ALEADING'FIRM OF CONTRACTORS AND PRECAST 
CONCRETE MANUFACTURERS IN THE MIDLANDS 
HAS OBTAINED THE FOLLOWING RESULTS WITH 
OUR “MAXIBRATER™ VIBRATING TABLES :— 
Average compressive strength of 5,558 lb. per square inch 
and in some instances well over 8,000 Ib.), in weekly tests 

over 12 months (name on request 


Write for Folder X /24. 


Cc. H. JOHNSON 
(Machinery) LTD. 


DV/%4. Adewood Koad, Stockport 


Write for details of our 
CONCRETE VIBRAT- 
ING MACHIN Tables, 
Internal vibrators, Piat- 
form vibrators, etc 


TERMS CAN BE 


ARRANGED. 

Por further details and full technical picase 
Leadon: Macaulay 1887. Bristol: Lalegate 977. Newcastle. 
oo-Trae: 33510 Glasgow: Central 2344. Yorks: Leeds 
55165. Lanes.: Gatley 4404. South Waler: (Cardiff 44130. 
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CEMENT 


QUICK SETTING 
EXTRA RAPID-HARDENING 


Full particulars of ‘417 Cement’ will be sent on application to:— 
THE CEMENT MARKETING COMPANY LIMITED 


PORTLAND HOUSE~+TOTHILL 


G. & T. EARLE LTD * WILMINGTON ~ HULL 
THE SOUTH WALES PORTLAND CEMENT & LIME CO. LTD: PENARTH * GLAM 


Surreuasa, 1990. CONCRETE AND CONSTRUCTIONAL ENGINEERING lix 
, 
27 Newark Castle, Notts, 
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Ix CONCRETE AND CONSTRUCTIONAL ENGINEERING serreuses, 1950. 


MITCHELL SON 


LIMITED 


RIVER PLACE: CITY ROAD: MANCHESTER 
Telephone. Certral JOE 


AND 
57 VICTORIA STREET-WESTMINSTER- LONDON 
clephone. Abbey 7/03 


Published by Concrers Pusiications Lrp., 14 Dartmouth Street, London 8.W.1. Telephone: Whrrenatt 4581 
Peiated by Burien & The Selwood Printing Works, Frome and Leadon 
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